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L FOREWORD

Employing research to improve the effectiveness Beginning in 1972 the Deptrtmcnt of Defense
and efficiency of the systems acquisition and has hosted an annual sympi : m to share procure-
support process has long been advocated. One ment research results among the academic, busi-
of the recommendations stemming from the 1967 ness, and acquisition management cxmunities.
DOD Pricing Conference held at Hershey, From a modest beginning (12 papk!,..... the Pro-Pennsylvania, dealt with the need for a Depart- curement Research Symposium has grown to 100

ment of Defense Procurement Research Laboratory. papers scheduled for presentation this year.
A series of events and activities followed /
which endorsed the need and provided momentum The title change of this seventh symposium
for the concept. (from the DOD Procurement Research Symposiu to;

the Acquisition Research Symposium reflects
In 1969 the Army Procurement Research Office the broader scope and responsibility being
was established and in 1970 the House Govern- accepted by the acquisition research community.
ment Operations Committee concluded that there Acquisition research is moving rapidly to be
was a need for a procurement research laboratory responsive to the needs of the total acquisi-
for DO. In 1971 the Department of Defense tion process and the applicability of the

k established a Procurement Research Coordinating results throughout the Federal Government.
Commnittee; and in 1972 the Commission on Govern-
ment Procurement advocated establishment of a The theme of this year's symposium recognizes
Federal Procurement Institute with resoonsibil- that research into the integrated contracting
ityamonq other things, for conducting and and acquisition processes should be respon-
sponsoring research in procurement policy and sive to both today's and tomorrow's needs and
procedure. that tomorrow's contracting and acquisition

systems rest in part upon knowledge developed
The Air Force Business Research Manaqement Cen- by today's research.
ter was established in 1973, and the Naval Cen-
ter for Acquisition Research and the Federal The Hershey Pricing Conference in 1967 may be
Acquisition Institute were established in 1977. said to have initiated an era concerned with
Also in 1977, the Defense Department issued a discovering and refining the concept of acqui-
directive to formalize the Acquisition Research sition research. With dedication and insight-
Program of the DOD and to coordinate its program ful management, this "Return to Hershey" can
with the Federal Acquisition Institute. The begin an era where acquisition research
same year the General Accounting Office issued becomes a participating factor in formulating
a report which called for establishment of a tomorrow's contracting and acquisition systems.
strong Government-wide program of procurement
and acquisition research.

The views expressed in this proceedings are those of the
authors and do not necessarily reflect the views of the
organizations with which the authors are associated.

Additional copies of the proceedings may be obtained by
telephoning or writing:

Air Force Business Research Management Center
AFBRMC/LGPB -

Building 125, Area B
Wright-Patterson AFB, Ohio 45433
Autovon: 785-6221
Commercial: Area Code 513-255-6221
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THE AIR FORCE'S NEW MISSION PLANNING AND BUDGETING PROCESS

Lt Col Robert H. Hale, Headquarters United States Air Force

Representing: Directorate of Planning Programming and Analysis
Deputy Chief of Staff, Research and Development

INTRODUCTION involved in their ongoing jitegration, and an
opportunity for future research into acquisi-
tion machods and procedures.

Managing modernization is the primary focus of
our efforts within DCS/R&D. There have been
a number of recent Air Force initiatives in RESOURCE ALLOCATION DECISION PROCESS
acquisition management which have significantly
influenced how we do that. Each of the two
major areas, the resource allocation decision This first major section of this paper, and
process, and the program initiation review the part which details the developed method.
process, have been and continue to be undergo- ology, is the discussion of the Mission Area
Ing major changes. This paper will present Planning activity used for resource alloca-
results of the recent period of signficant tion during the FY 79 Budget Estimate Sub-
development of new procedures and techniques mittal. During the preparation of that sub-
in both areas, mittal, we applied 'he mission area planning

process to the formulation of the Research,
First, the mission area planning, programming, Development, Test, & Evaluation program for
and budgeting processes currently evolving the Air Force. The relative success of this
are designed to ensure that programs are venture, and the greater understanding it
judged on the basis of validated mission needs provided, led to Air Staff-wide application
and that scarce resources are allocated on the of the methodology for the FY 80 Program
basid of a prioritized heirarchy of these Objective Memorandum cycle.
needs. Development of this three step
resource allocation decision process culminated Mission Area Planning is a logical three part
in the preparation of the FY 79 Budget Esti- process composed of Mission Area Analysis,
mate Submission and President's Budget. The Development Planning, and Zero-Base Budgeting.
tools and techniques used are the result of The first part, Mission Area Analysis, is the
several years of hard developmental staff work technique used to define the problem(s) which
and are the major "research" product of this the Air Force program should address, and is
paper. The pressure from Congress and others mainly an operator responsibility. Subsequent
to present and defend our programs in a mis- applications of the method will reflect Lhis
sion oriented structure no doubt helped keep responsibility more strongly, with DCS/Plans
our efforts going during difficult periods, and Operation leadership and heavy MAJCOM
but mission area planning and analysis is an participation. The second part, Development
idea whose time has come. Planning, is the segment which defines

alternative solutions to the problem(6), and
Another forcing function toward mission orien- requires strong developer involvement,
tation was directed primarily at the individual especially when the solutions involve RDT&E

system program initiation and decision process, activity and funding. DCS/R6D lead is

OMB Circular A-109 and the implementing DOD required with heavy participation by AFSC.
Directives 5000.1 and 5000.2 require new pro- Zero-Base Budgeting is the third part of the
grams to be conceived and approved, not from process, where we select affordable solutions

specific solution oriented proposals but from from the defined alterm,,tives. At the
statements of mission needs. The source of integrated formulation level appropriate to
these mission needs statements is again mis- the Air Staff, this is really programming
sion area analysis which identifies deficien- with fiscal constraints. Integration of the
cies in capability. This mission analysis various parts of the total Air Force program
may be done slightly differently at first, is a significant challenge under any pro-
and be more detailed in its specific focus, cedure, and ue find the appropriate DCS/Pro-
but the same concerns and considerations for grams and Resources and Air Force Comptroller
mission deficiency identification prevail, leadership here. DCS/R&D handles the RDT&E,
The second part of this paper will present and the Air Force Board Structure plays a
the Air Force's implementation of these new major role in integrating the total program.
policies and requirements for system program These three major parts of the process will
initiatien and review, be further broken down and described in the

subsequent paragraphs.
Finally, the necessary interrelationship of
these two major processes will be briefly Mission Area Analysis, which is used t, define

Nw discussed, to point out some problems

3



L he problem, is Itself a basic three step consist of two major functions or tasks,
- exercise. The first step is to build a Survivability and Retaliatory Capability. :

framew-ork for the analysis, based on the See Figure 2. Retaliatory capability is
missions which the Air Force must perform. likewise composed of three elements; Enroute/
The second stop identifies deficiencies in the Penetration, Delivery/Target Damage, and Post

capability to accomplish those missions. The Attack. Finally, in this example, Enroute/
thi rd step Is to assess the overall mission Penetration breaks down to seven more
area needs. specific elements of capability required to

' have or generate strategic offense.
! re build an appropriate framework, we must

first break the total program, in this case
the RDT&E program, into appropriate missions FIGURE 2

~and mission areas. Each mission area is then

Sfurther broken down into a matrix based on STRATEGIC OFFENSE
: the functions which must be performed to accom-

p14,h the mi-ssion, and the conditions ut~icr ' Kat~

~whr~h clip funct ions will need to be performed. JJ!PIAI GI,, M O N::r

~~The cOn"'I'- considered could be such things |I_[ ,

= ~~~~as the type oi conflict, environmental con- ,:*n , , ,/ ,
~~~~~siderations, or any other Set of conditions I I I [

which have the most significant impact on the MACHMm KIAIZE W.'4/ (1 PKW ,,0.041 it ' [
conduct of the functions which make up the tA10bn AWISM nn- :sim n: v, iutn:

individual mission area. .__ __I-_ -I

= A wide variety of possible mission area 101 11 VII ,A.,. M"

Sstructure approaces are possible. The RD MU AYIS UVSI;4d(I.WS

" ~~~~Mission Area Structure which we used has... . -.. .

Ir

hevolved over the past couple of years irctt o a

iresponse to the uses ad needs imustp serve. lki cmoe ote mns r
One objective of the structure we use is to

grdp mission related breaks todether so

: reasonable trade-offs can be made and sim ilarh i ex m l s rv s t i lu ra e he e el ocondition considerations are applied to the i xml evst lutaetelvlo

capabilit ~ ~ ~ ~ ~ ~ ~ dtalneesay to accomplis thoe missions. TeAtc. Fnly nti ~nlErue

analysis of mission related programs. Ourdealncsrytaaye hmiiorequirements and our capability and defcen-structure (see figure h) has the same basic cies in a meaningful way. These seven unc-

problem as most if not all other mission area tinlass reow rayd 'hhec -

to buildtaansappropriaterframework, weemust

breakouts, in that some functional areas responding entries for the other portions of

apply across the mission areas and are dif- teSrtgcOfneMsinAears
ftcult to place neatly into the m ission frame- 2
work. We Put those functional areas of ot
Technology Base and ianagement and Support The other side of th matrix, please recall,
along with the other across-the-board things a r t o tns - w h

The cond ' cofns-idee couldtemsuc thing torfette odtosune hc h

lake tp oi cflit e met various functional tasks of the mission area

are to be performed. These are unique to cacti
mission area and should reflect the conditions--

FIGURE h which exert the most influence on the require-[ A

ments and abilities to perform the functions,a'I-

RD HSSIN AEA SRUCOREsuch as the type of conflict, environmental
iAl and visibility onditons, etc. In thewd vit o b mStrategic Offense mission area, the type of

.0IES -rs AIR UK, tRI J.,"CIOAHO - InVoCYoIISI conflict conditions of General War, Limitedspre War, and Crisis are the most maningful. .S
Mio CAsIItucr w we Because tese cohdatsons affect the ICBM

evolved ove h-et1 c lMof portion of our Strategic Offensive force so
r esponTs'.0 differently from the aircraft or airbreathing

Oe portion, we further divided each type of con-

flier condition into an ICBM portion and in
These eleven mission areas are further broken aircraft portion. The condition side of the
down into major funftons, tailored to each Srategic Offense matrix. therefore, has six

mission area, then even further to the lowest elements. ev
nalevel of m task or capability which is reason-

able for that particular mission area. This There is now only one thing left to do to i
detailed structure of the tasks and apabil- complete the framework for the analysis, and

-- ities required In each mission area forma one that is to assign importance weights to both
oside f a matrix for the mlssion area i n th functional tasks and the condtons. or-

question. An example will help to illustrate weights were assigned to the functional tasks
- the ,int. Strategic Offense is considered to based on how important cach task is to mission

wor. e ut hoe uncioalares f ne id o th Sraegi Ofese atix



accomplishment. The total of these weights inadequate, marginal, and adequate. For
2 for each complete mission area adds to 100. quickness and ease of understanding, these

Weights were assigned to the con-itions evaluations were represented by the colors
depending on how important the condition is as red, yellow, and green, respectively. The
a basis tor planning, and these weights add to natrices soon becane refered to as stop light
1.0. The allocation of both sets of weighting charts.
factors is developed by the mission areaanalyst with the support of the operations J@eficiencies, of course, are time dependent

community. These provide an objective basis since both our capability and the threat change J
for determining the relative importance of over time. Our analysis for the FY 79 Budget
various deficiencies and capabilities. Estimate submission considered pertineat time

periods from Fi 78 to FY 85. Future appli-
To again use the Strategic Offense mission cations of the basic technique will probably
area as an example, the conditions were assign- look even farther into the future than that.
ed weights of 0.5 for general war, 0.3 for Today's deficiencies are depicted by eval-
limited war, and 0.2 for crisis. More that uating the FY 78 ckpability versus the F- 78
these weights add to 1.0 because these three threat, and this serves as a baseline for
conditions are the only ones conaidered later consideration. We also consideted the
throughout the Strategic Offense matrix. As impact on our capability if we made no further
a strictly notational example of the functional improvement or investment in the mission area,
task side of the matrix, the seven tasks could by looking at the FY 78 capability versus
have been assigned weights ranging from 8 to 3 the FY 85 threat. Finally, we looked at the
as shown in figure 3. These weights cover only effect if we made no changes in the currently
a portion of the functional task side of the approved investment program by looking at the
Strategic Offense matrix, and therefore add to FY 85 capability versus the FY 85 threat.
less than the 100 total for the entire mission Each mission area thus yields a family of
area. matrices with the the cells colored green,

yellow, and red. The extent and location of
yellow and red cells indicate the magnitude

FIGURE 3 and nature of the deficiencies in the dif-
ferent time periods portrayed. Figure 3

SAMPLE MATRIX shows , again, the notational example with
- "- .; .. I.[ | colors indicated by the letters R, Y, and G.

RETALIATORI (A'ABILIIY
TAS EUI(/ICEIRATION We are now ready for the third and final step

S..... ..... . . .of the mission ares analysis, and we have
l ,,.. __" almost finished defining the problem. This

CiIlI0 01 8 4 4 5 4 last step is necessary because a deficiency
a along does not define a problem. We must

E L WR ic G R Y G G R also consider the importance of the deficiency
AIR- times some measure of the importance of the0.5 CUJ 'T Y Y Y Y Y capability found to be deficient. We also

ICM 6 R' Y 6 G R need to estnblish a quantitative way of
LMTDWRAIR- t 6 teating the degree of deficiency which has

0.3 WT 0 6_ Y Y Y been represented by the colors nf red, yellow,
ICBM G I _ R and green. First, therefore, we assigned

,l-,, y y.... arbitrary numbers to the colors: 5 for red
Q.2 AIT Y. Y LY..... 3 for yellow, and 1 for green. Then, we went

back to #,.e ..eight factors assigned to the
functionG! taks and conditions to develop a

We have now completed building the framework qualitative measure of the relative importancefor our mission area analynis, and are ready of each cell of the matrix. For example, the

to go on to the second step in defining the Range/Payload function for the General War
problem, the identification of deficiencies, condition has a relative importance weight of
Each cell in the matrix we have built repre- 4 (8 x 0.5). It is now possible to determine
sents a combination of a functional task which a relative assessment of the degree of
must be accomplished and the possible condi- deficiency for each cell of the matrix by
tions under which it must be done. To identify multiplying ehe deficiency score by the func-
deficiencies in capability, we compared our tion importance weight and the condition
capability at each cell of the matrix against weight. The absolute value of these numbers
the threat. Each of these comparisons could has no significance, but their relative size
itself be the subject of a rather rigorous within the possible range for the mission area
analysis, but for this purpose and time indir-,rl the significance of the problem.
these comparisons were subjective judgements The familiar notational example of the
based upon objective criteria made by the Strategic Offense r.tri:t will illustrate. The
individual analysts. Because of the sub- high possible need score would he 20 (5 points
jective nature of these evaluations, only for a red cell, times 8 fbr the most important
three categories'of evaluation were used:

i5
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function weight, times 0.5 for the General analysis procedure for subsequent Air Force-
Wr condition. The lowest need would have wide application. In its extrapolation to the
a score of 4. A marginal in Range Payload for o'erall Air Force problem, the methodology for
aircraft under a General War condition would the FY 80 Program Objective Memorandum and sub-

present a medium sized problem with a score sdquent applicarvns reflects a few changes.
of 12. See figure 4. The scope of the 'nalysis has :),--,n enlarged to

include bo .h a force size and a readiness
analysis, in addit'on to the previous capabil-

FIGURE 4 ity and R&D hardware analysis. The detailed

matrix view has oeen abstracted into "incre-
IMPORTANCE WEIGHT nents of capability" to provide macro measures

REItLIATOY CBILITY of "what" ald "how much" to support the
- (OUTERENETAT2IO broader Air Force-wide application. This

TASX Z Increased scope of mission area analysis
, n,, c o . ) allow. -- ,or- comprehensive interface with a' 

l

IN 5- 3 141 4 aspects of Air Force activity such as: (1)

I.. specialized analyses and 1'nq range planning;

ly (2) changes to strategy and tnctils, readiness
CjRL ,.- . and logistics, force structures, and cytipment;

EK07.. - -1 - -. (3) the front end of major systems acquisition;

usi rr .  6 - ' - • and (4) guidance to the planning, programming,

MU R. A ~ and budgeting system. The interface with the
-I front end of major systems acquisition will

1y 9 Y - ~ be discussed later in connection with the Air
'RI Force program initiation process. The Inter-

IM -. face with the PPBS provides the necessary
tranFition into tl.e second step in Mission
Area Planning, called Development Planning
for the R&D community.

In a very similar fashion, we can make an owe.- The kind of Mission Area Analysis done for the
all assessment of the functional tasks by FY 80 POX, provides the connecting link be-
summing the need for the various functions tweet. the Planning in the PPBS and the Pro-
over all conditions. This provides an indi- graming and Budgeting. Mission Area Analysi

-

cator of the need for effort to be expended forms a bridge which brings the output of the

on the particular functions. Again, the Jbint Strategic Planning System and the Dove'-

number itself has significance only in opmenS
e 
Planning System together. This merger

relation to the possible range of overall generates the program submittals of the PPBSfunction scores. Extending the previous logic which ultimately result in force structure

to the functional task level for the Stratagic which ultial resuln fe strutue
Offense example, we get a possible range of which Operational Planning deploys and employs.

80 fr ahighnee to 6 fr a ow eed.The Thle Initial cut at such a conprehensive Mr
80 for a high need to 16 for a low need. The Force-wide analysis was completed in December
score o 44 for the Range/Payload task 1977, and was published as th'. Air Force
(figure 4) would 1e in the middle range and Planning Guide. This document [-. Lhe pro-
represent, again, a middle size problen overall duct of a thoroughly integrated and coordi-in Range/Payload va,?ability of ouv Strategic
n Po Snated set of mission area analydes done at the
Offensive force. IK:.dJCOXS and in the Air Staff with muttal input

We have now generated a comprehensive riew of . oint and interservice sources, DOD

the needs which our development and invest- ,ui. .e. and other available studies and
analyses. ane final integrated mission area

ment progra should address. Deficiencies analysis was formally coordinated with the
ina individual fncvior Ander specflle condi- 8oemands and become the Air Force Planning

ans are revealed a¢ el oer func- Guide. It is the basis for the functional
tional shortcomings in a mission area unde-. . I planning by the XAJCOMS and the Air Staff,

conditions. The time ,.cnsitivity of needs can such as Personnel Planning in DCS/Personnel,
be seen, and the effects of our program pro- Development Planning in DCS/R&D, Logistics
gress assessed, as well 4s the effects of a Planning in DCS/S&L, and Force Planning in

changing threat represented by the progress bCS/Plans and Operation. This detailed
of our adversaries. Areas where technology functional planning and the associated pro-
is needed in the longer tc.rn can be found, grarm'ing during the POX perparation ;ill
as well as the needt for specific system or result in the Air Force Program for the FYDP

aubaysten development, period FY 3n-84. Ultimat,:; that program,

This completes the first part of Fission Area te reie and ecision by the Air be
tie basis for preparation of the Air Force

Planrinag, the Mission Area Analysis. Beore ~Budget for FY 60. The Development Planning

I go on to the second part, Development just mentioned is the same process which Is
Planning, I will discuss the mo,41ficationa the second part of Mission Area Planning as
and r.xtrnpolatiens made in the m-asion area

6
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we defined it at the beginn'ng of this paper, FIGURE 5
the part where ue define alternative solutiot..
So whether the mission area analysis is done in P.E. CONTRIBUTION
the context of R&D and investment opportunities,

or done Air Force-wide and provided as an input CITALIATORY CAPAILIy
to the development commnity, it is still only EROTCuP /TRAIOI
the first of the three steps in the -,-cess. ... ... '
In reality, a significant amount of . '" tail- -:,.., l *.,t - -
ed mission analysis we did for FY 7 - .' iave, ____I_____,,______ ,_.____
to be done by the developers to -)rc,': ,.t WE1GHIS [ 4

understanding needed for :.vestm .. - I.ns.

Development Planning, the secon .
.

PBUT10a'-"-"6 5.

Mission Area Planning process, is . 4edefine alternative snluticns. Jurst 1.-fe the ASSESS TN = 18 46 2- - -

Mission Area Analysis portion, it it -omposed
of three logical steps. The fir-t .?p de-
velops viable alternatives for tae -..
R&D programs. The second step asse • rhp With the assessment of alternative solutions
contribution of each alternative '., .. ing it, this quantitative relative sense, we v:an

the deficiencies and needs previous! i-.nti- now conceive various possible fiscally

fied. The third step builds developi, nt reasonable, but still unconstraintd develop-

strategies for consideration by the decision ment strategies. This is the th'rd step of

makers in allocating resources, the Development Planning process building
uevelopment strategies. Applica.ion of fiscal

In performing step one, we must first realize constraints comes next, but thats the final

that for any deficiency there are several part of the Mission Area Planning process.
alternatives to consider. It could be that a
change in tactics of deployment or employnent Tre FY 79 BES was the first use of Zero-Base
would satisfy the deflciency, or perhap a Budgeting within the Air Force, but it caused

modification of existing systems would fli. primarily administrative burdens and did not
the need. Probably the least attractive sfgnlficantly interfere with the next portion

alternative froa a resource and time stand of the Mission Area Planning process, select-
point is the development of a new system. ing affordable solutions. This portion con-

However, for each deficiency which can and sists of tour steps. First, we group the
does require an RDf&E alternative, we dsfine program eLeawnts into decision units, then

viable alternative programs to respond to generate de,:%,-ion packages. Next, we formu-

the need. The technical content and schedule !ate mission area investment strategies, and

constraints which effect each of these alter- finoly, we integrate the RDT&E program with
natives are key e.-,-siderations in determining the rest of the Air Force ES.

which will be cor.t*,-red. This step was
largely done in H' USAF for the Budget The first of these four steps is fairlv easy
Estimate Submission, but AFSC and field input and straightforward, but sometimes leads to

will play heavily in the rY 80 POX and sub.. consternation and disagreement. We must

sequent cycles, identify related groups of program elements
to be grouped into something called decision

Step two of the Development Planning process is units. This grouping is done in basically
to assess the value of each alternative. this the sane mission area structure we used for

assessment is based on two key considerations; the analysis, but indivdual programs make

the contribution the program can make to contributions to more than one mission area

satisfying the need, and how important the need and the allocation is not always as easy as
is. The importance of the need or problem is it might seum. Tie objective is to make

already represented quantitatively by the trade-offs easier atd more meaningfl among
function task weights we determined during the cotpeting alternative programs to satisfy

Mission Aces Analysis phase. During the the same or related needs.

Budget Estimate Submission, we used an app ,ach
which assigned a numerical value from 0 to 9 The second step is to generate decision
to the contribution each program element aade packages. The packages each represent aW

to each functional task in the matrix. The possible alternative for the decision unit
value of the program element to each function based upon a particular development st-attgy.
is thus the function importance weight times In our familiar Strategic Offense exaezle,
the program element contribution, as shown their might be packages for a cruise missile
in figure 5. The totp1 for any given program strategy, an ICBM strategy, etc. This is an
element can then be ua&essed zgainst the arduous and painfully iterative procese which

relative totals for competing alternative pro- consumee far more time than the description

grams, of it would inilnate. The ducision packages
must prov4!- 4.;l choices in response to the
needs and balance the contributions of the

7
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1p.ograms to~ get high payoff from the resources four phases, similar to what they were in
involved. the past. First iii the Program Ini.tiation or

Conceptual Phase, l.-lowing HENS approval orThe third step in Zero-Base Budgeting is to Milestone Zero. ~Sa, is the Demons3tration
formulate mission ,.cea invesatnit strategies. and Validation Ph.se after Mileston;e i.

thisare inrodcesfiscl c"~tainn a weAfter the Milestone I! decision to spend
dpietebs osbeinvestment strategies really big dollars, c~ies the full-scale I
bsdoth rvosydeveloped decision Egnen DvlpntPhase. Fn'y
pnki,2s I te benvironment of the BES, after MJ .estone 117, the Production and Pe-
wefomlae poghs tthree levels of ployme 'hase. Note that a time axis I., not

appers tst te miimumshown b ..ause the pace of prorress through
leelisprbbl te it important since it the ph.. 'so v'il4 vary widely between individual
ismot*,klyt .es'lected. Again, much prograr,&. See figure 6.

iteration and consideration go into this
step, for this is what determines the Air

FrcR&D program. FIGURE6

Tne fo.rti an t i-ral step in the Zero-Base SYSTEM ACQUISITION LlzE CYCLE
rF;dgeting portion iE to integrate the RDT&E ____

1,rogram. This Invnl-.es getting RDT&E bogies PWRocM orMOS!smTIO4 I111.2. SCALt 'ASUiO
IIZJTIATION ENlrss INGor overall funding levels at each Cf the I VALIDAT]0S ODEVELWPRt~OW~

tnree Ciscal levels, and applying those con- ' - '
stralit s to th'e final make-up of each mission i /S Kl/5 H/ s /
area piL'gram. Theni, we provide the RDT&E 0X 1I
solutions in each decision package to the
finctional elements elsewhere in the Air Staff.
it is tmportAnt to be sure that the RDT&E The primary focus cf DODD 5000.1 and 5000.2
program it; onastent with and supports -he is the :ormilization of the front end of this
rest of tne Air Force program. RDT&E will acquisition p:aoss. The key element in that
be driven by the top 1 overall Air Forcefomiaioksth MsinEletNed
obje,:tivenq, and we work closely with the Statement. l'tna statement is used to docuimert
Prosram Pevie% Cornict,a- and the rest of the the deficiencie an.d needs which can be__
Air 7orce Board Structure to ensure that expected to lead te , --) system acquisi-
consLateney is maintained. tion ptogras. It Is i. i~etdby the

Service to the Secretary ox efense for a7his completes the dineussion of thbs resource Milestone Zero decision to pur.i.ue a zolution
allo-ation mdthodology using Mission Aea to the need. The need expressed in thL.
Planning. Misgion Area Planning has pro)vided HENS will be reviewed, reevaluated tr.!
the lngical basis for the program we sub'-rvldtda ah usqettils
mit and de~end to OSD and the Congress, and decision point.
whtiel we will ultimately direct on the
developers. We have developed the concept of a companion,

Air Force level document called an AFM.NS.
The APHENS also documents a deficiency or aF ~~~~AIR FORCE PROGRAM INITIATION AND REVIEW PROCESS nebuoewhccab epcdtold
to an acquisition program conducted 5clely
with Air Force level decisions. Milestonie

Thv a!e'cond major sectin of this paper dcalq Zero approval would be a Secretacy of the Air
vi'h the , program initiation and review process Fredcsoadtersligpo'a
which hn evolved in response to 04B Circular would be called an Air Force Designated
A-109 and the DOD Direc-ives which Implement Acquisition Program (AFDAP). Again, the
it, .30O0.l 01'd 5000.2 If the first major nieed would be reviewad, reevaluated and
sectm. of this par' n resource allocation revalidated at each suhsequrnt milestone,
can he zhought of as cne planning portion of but th., milestone reviews an" decisions would
the discussion, this dection will be the be =ade at Air Force rather thnn OSD level.
implementation portion. This portion u.ill
discuss basically three subjects: Mission Determinaton: of which of thcse two documents
Element Needs Statements and the related Is appropriate, a HENS or an AFMEINS, is based
requirements proce-is; Air Force Designatedonasbctvcnidrinwthny
Acquisition Prugrams and their review and hnasbetv osdrto wihol

general criteria. When the anticip.i..ed pro-
approval. proresses; and the Air Force Systems gram impact is broad, highly significant
Acquisition Review Council and its role and nationally, and major in -ipc, the OSD
relationship to the Defense System Acquisiticn level HENS is probably the appri-'ate

Ve Review Council. document. If the Impact of the anticifpated

By w,-y of review, lets take a quick look atprgmisoepulyArFrbtsiltheyatn aqusirionlif ccle tobelarge In scqpe, the AFHENS is likely the _che ate acqisiion ifecycl, t beproper choice. Dollar threshold& are
sure ind underntand the framework. There are
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I "idifficult to apply since the needs are not The originator H.nds a drati of the SON to
supposed to be solution oriented, but the AFSC and APLC Headquarters, and any others
major program thresholds formerly used of who are appropriate for comment. The Draft

4 $50H RDT&E and/or $200H procurement provide Threat Assessment is sent to HQ APSC (Intel).
an order of magnitude guideline that at least When comments have been received from thene
an AFHENS should be considered, parties, the originator revises the SON as

necessary and sends it to HQ USAF, with copies
Here is an outline of the key items which will to the HAJCOMS and others. Recipients of the
be incorporated in either HENS or AFHENS pre- SON send their comments to HQ USAF also, to
pared by the Air Force. Keep in mind that the complete this part of the SON cycle.
HENS or AFMENS is a needs oriented doctment,

not a requirements document. It should state The SON and all the related MAJCOM comments
clearly what the deficiency or ,eoded. are received at HQ USAF by the Requirements
capability is in mission terms at..: not be a Review Group (RRG) Secretariat, who refers[ solution description with specific performance it all to an R&D action officer for iitial

parameters for hardware. staffing and review. If it is determined
that it is not appropriate to turn the SON
into a HENS, the SON will be processed

FIGURE 7 through the Requirements Review Group for
validation and approval, just as the former

HENS AN AFHENS CONTENT ROCs were. If, however, a MENS is recom-
mended, a HENS Planning Group, made up of

sissies action officer level representatives of the
Mission Element Noe. Task RRG member organizations, will evaluate the
roje|ted TretSON and develop a plan for generating a HENS.
Projected Threat Actual preparation of the HENS will be by an
intelligence Agen input Air Staff team led from the operations side

EXISTING AND PLANNED CAt W;Ll!tLS with heavy intelligence and R&D participation.- DOD And Allied

Multi-SeArlice The HENS will ultimately be processed through
A5E5]N the RRG just as the SON was. After valida-

Dfi iency in Existing Capability tion by the RRG, the HENS will be processed
Technological Opportunity through the Air Staff and the Air Force
Forco Si..e and Physicel Obsolescence
VuInerability of Wxisting Capability Acquisition Executive (SAF/AL) to the

CONSTRAINS Secretary of the Air Force for decision. He
Affordability say approve the document as an AFMENS,
Priority forward it as a HENS to the SECDEF throughIXo iut ios

NATO Stsndardization/lontroperabilit) the Defense Acquisition Executive, or dis-
Timing of the Need approve the document and either terminate

IMPACT OF STAYING WITH PtRtEEN Sy.TlI(s) the effort or send it back for further work.
Ability to Meet Projected Throat Should he approve it as an AFMENS, a copy of
Cost of Increasing Quantity of Existing Eq.
cost of Maintaining Existing Eq. the document will be provided to the Defense

RESOURCES AND SCREDULE TO MEr MIUSTOM1 I Acquisition Executive who can always require
Procuremont stratozy OSD review. This total process takes
Organizational Rolatioshipsa
Technological Areas to be Explored approximately 210 calendar days. Field and
Cost initial staff comments are received during
_cedlethe first sixty days. Following preparation

of the HENS, OSD, OJCS, field and other
Service comments are solicited. The RRG

The approval of a HENS or ATHENS and a Mile- review constitutes basic corporate senior
stone Zero decision is really the culmination management review, prior to submittal for
of the requirements process as it is being decision at the Secretariate level. Mile-
conducted by the Air Force at the present stone Zero decision completes the rLquire-
time. Tie process begins with the prepara- ments process and our discussion of MENS and
tion of a Statement of Operational Need (SON), Milestone Zero. The next subject is Air Force
normally by the eperating HWJCOK. This SON Designated Acquisition Programs or AFDAPS.
replaces the old Required Operational
Capability (ROC) documt and reflects the Air Force Designated Acquisition Programs,
same concentration on needs rather than AFDAPs, are a special category of syseem
requirements that characterizes the HENS. The acquisition programs, for which Secretary of
SON derives from the awareness of a need by the Air Force level milestone decisions are
the operator, bas'd on mission area analyr..e, more appropriate than Secretary of Defense

£ a life cycle cos'. analysis, some technological level decisions. In our previous discussion
opportunity, etc. The Air Force Planning about HENS and AFME0S, if the Secretary of
Guide, which results from the Air Force-wide the Air Force had decided, based on the -"

jission area analysis, is a key input to this earlier subjective criteria, to approve the
awareness, need statement as an AFMENS, the ensueing

progra would be an APDAP. An AFDAP is still -2

9
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a major effort with significant impact of Air players is to see that these and other
Force capability. It is expected to remain critical inputs are available before the
below the "major" program thresholds of first corporate review leading to AFSARC/DSARC..
$75M FD'T&E or $300M procurement. AFDAPs will
replace the previous Program Memorandum pro- Following review by the AFSARC, the Secretary
grams, but the OSD staff will be kept informed of the Air Force will make a milestone
of progress and decisions of interest to them. decision for AFDAPs, or forward the DCP up
with the Introduction of AFDAPs, the Air Force the chain through the Defense Acquisition
will have three levels of programs from a Executive to the DSARC for a milestone
management viewpoint; major systems with der~ision by the SECDEF. Regardless which
SECDEF milestone decisions; AFDAPs with SEAW Secretary makes tne milestone decision, it is
milestone decisions; and non-designated pro- documented In an Action Memorandum to the
grams which are less than major system and Air Staff. Action Memos issued by the SECAF
for which milestone decisions will normaly -'-;lo forwarded to the Defense Acquisition

E 
|

be [,elegated to AFSC. E~xecutive ..X) for information. At his
| eltion, the DAE may request that a SACAF mile-

The review ttxu ipproval of AFDAPs brings us stone decision be hold in aLynve pending
now to the subject of the acquisition review review by the DSARC. Finally, a-tual imple-

Sprocess and the Air Force System Acquisition mentation of a Secretarial decision is accon-
Review Council and Defense System Acquisition plished by the Progratm Management Directive

{Review Council. Both the AFSARC and DSARC issued to the field by HQ USAF.
! serve as executive corporate advisory bodies

to their respective Secretaries. Both are This to~al process takes takes approximately
-chaired by the respective Acquiaition 180 day.. The schedule is structured to

Executive: the AFSARC by the Air Force ensure that all documentation and coordination-|
Acquisition Executive, SAF/AL; and the DSARC is co.mpleted prior to the start of the
by the Defense Acquisition Executive, U'DRE. briefing cycle.
The AFSARC membership includes key SAF and
.'ir Staff principals, while the DSARC includes !
key OSD staff principals. Key OSD staff INTfEGRATION OF THE RESOURCE ALLOCATION i

principals are invited to AFSARC meetings of &ND PROGRAM DECISION PROCESSES
interest almost as a matter of course. The
AFSARC reviews major systems prior to DSARC
review, as well as AFDAPs for Air Force The first two major portions of this paper

milestone and status review. It is envisioned have dealt with related separate aspects of
that the AFSARC can review major programs Air Force acquisition. The integration of
prior to SECDEF decision and thus preclude those two aspects has been, and will continue _
the requirement for DSARC review. The DSARC to-be a problem area. The resource allocation
is required to review major programs in the prccess which is described in this paper has

! t trategic, nuLear, Intelligence, joint- been developed to provide a ,iission oriented
srie 

3
nuor multi-na-tional areas at Mile- rational to the development of the Air Force

gram designated by SECOEF at Milestone It hand, the program Initiation and decision
and 111. Non-military DOD programs will also process deals with the generation and
be reviewed by the DSARC. continuation of any Individual major acquisi-

tion program which would be a part of tbat
: Vie system acquisiti.on review process itself overall Air Force program. 1L iq obvious

: Is an orderly series of reviews ad coordina- that actions In either of the processes ca,,
t ion cycles which depend on a document called have a direct effect on the options and

DCP, or Air Force DC' ir AFD .Ps, Is the data if any, established regimen that ties the k
: base used througho,,. i e coordinatilon and re- two tcgseher."i

view process at Milestones 1, 11, or 111. The -l=
': Lreview process itself begins with a DCP plan- From the beginning of the planning Cycle to

itinS conference where representatives from the and of the execution of any fiscal year
( [each of the key activities meet to set up a program Is a time span of about four years.

- sprgCific schedule of events and target dates That the PPBS system stretches any given
for the remainder of the process. Th e ob- year's cycle that for Is logical and under-

| .|ectivjp tsf this conference is to organize the tcandable, but the result is itill" a problem.l
. |proramp and ensure that all the necessary data At any one time, there are three or four
:. r hputs are mmde available at the start of the dIfferent FYDP programs. in various stages of

|,rieffng atnd roview cycle. Thass Inputs preparation and review. Thus, the:re is an
iInclude. as applicablej the Indtpandent Cost almoat constant source of oncert-,nity and

_ An-alysis. Devniopment Test and Evaiuat ion instability In individual acquisit ion programs ,

S(T,.)report, Operational Test a~nd Evalua- which is totally unrelated to anything within -
'. tiou (OT6E) report, and the production the programs thems~elves. 'Also a problem, in
' rea~in 3a reporte. nne of the. taskts of the 1,e y chat eachs of these FYOP ,pTogram Is undergoing "

F;:10
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_v . perhaps its greatest changes In the year Just
prior to execution, during the enactment cycle
in the Congress. On other hand, the lead
time to influence the content of any fiscal
year's FYDP program is never less than nine
months and can be a much as two years. The
implications of this on a milestone decision
are significant. After Milestone Zero ap-
proval, the only way to fund a new start
during this lead time period is be reprogram-
mLng funds from some other program. The same
is true of adjustments desired at any other
milestone point in a program. Here again, duo.
Ing the enactment year, that year's FYDP pro-
gram is unavailable to the Air Force for
adjustment or modification in response to
individual program decisions or problems.

The introduction of Mission Area Analysis tc !

the resource allocation process, and the con-
centration on mission requirements in thz
program initiation process, are introducing
a comon element to the two activities.

-A Mission Area Anolysis seems the best hope
for providing a tie between these processes.
Just how to apply the techniques and tools to

I achieve the necessary consistency of
direction and decisions deserves considerable
attention. That challenge is perhaps the
single most important focus for continued
policy and procedure development in this

area of acquisition research.

CONCLUSION A..

This paper has concentrated on the Mission
Area Analysis tools and techniques developed
to support resource allocation decisions in
the Air Force RDT&E program. Subsequent
applications of similar methodology to the
Air Force-wide resource allocation problem,
and to the development of need statements for
individual program initiation have also been
covered, but less thoroughly. All of these
aspects of acquisition are undergoing change
in response to new policy initiatives
external to the Air Force, as well as to the
commitment within the Air Force to approach
system acquisition and resource allocation
from a strongly mission oriented viewpoint.
Considerable need exists for continued

development of innovative policies and pro- 4
cedurts to further enhance this mission
orientation, to provide better resource
allocation decisions, and to smooth the system

program initiation and decision process.
A special and more urgent challenge is to
find ways to improve the ties between the
PPBS ond the system acquisition cycle,

__ _
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DETERkINING VALUE: A PROCESS FOR QUANTIFYING SUBJECTIVE BELIEFS

Charles Carter Waid, Wharton Applied Research Center
The Wharton School, University of Pennsylvania

INTRODUCTION matrix of estimates of the ratios of these
values. To begin, a person or group of persons
are asked to compare the iteiri two at a time

Over the past decade, the world of military and to give a numerical estimate as to how

procurement has moved from an environment many times more valuable one is than the other.

constrained by technology to one constrained This gives a matrix A of pair-wise comparisons

by available resources. In this climate of of the n items. Theoretical considerations

decreasing resources. acquisition managers are 
i
ndicate that the relative values of the n

facing increasing pressure to provide more items inhr,-r in the comparisons are estimated
rational Justlfication for their programs and by the coefficients %I.... mn of the eigen-
to make m.-, vficlent use of their resources, vector R corresponding to t. maximum eigen-

It would appear that the best strategy for value A of the matrix A. That is, R is the
dealing with these pressures is to develop as (normalized) solution to the equation A
objectively as possib!e an estimate of the with ) maximal. See [3) and [51 for the
relative values of the programs and activities technical details of this and other aspects of

under the manager's control and to use these analytic hierarchies.

estimates to make better allocation of re-
sources, both manpower and dollars. Example: .n experiment was conducted in search

of a relationship between the illuraination

The defining of value within his organization received by four identical chairs, C1 , C2 , C3,

Isa function every manager performs to -rme C4 , placed on a line at distances of 9, 15, 21
extent the very act of setting priorities and and 28 yards from a light source. Judges were
allocating resources essentially defines what askdd to compare the illumination of the chairs

is valuable and what is not. In order for pair-wise, producing the following comparison 1
these values to be rational and justifiable, matrix:

they oust be logically derived from the 17
orgnnization's mission and in r manner that is A
comprehensible to others, both internal and C1. C2  C3  C4  -

external to the organization. Moreover, the A
organization's values must be communicated to C1  1 5 6 7
its members so that they may better plan for M
and justify the particular programs for which C2 1/5 1 4 6
they are responsible.

P C3 1/6 1/4 1 4 --

During the past few years, the theory of ana-

lytic hierarchies has been developed and C4 1/7 1/6 1/4 1
applied to many different areas of multi- C/
criteria decision making (1), (4), 161, (7].
The methods of this theory are used to elicit The normalized eigenvector corresponding to
from decision makers quantit;.tive estimates of the maximum eigenvalue of this =atrix produced
the values they Intuitively use when making relative illumination values of the chairs of
decisions; values they have built up from past 0.61, 0.24, 0.10, 0.05, respectively. It is
experience. We have recently applied this well known that the illumination varies
theory to several decision situations within proportionally with the inverse square of the
a DOD material acquisir a organization and we distance. The normalized vector of inverse
are brifly reportine : re the results of one squares of the distances of the chairs to the
application made in che area of resource light source is 0.607, 0.219, 0.112, 0.063.
allocation. Generalizing from this experience, We have had similar accuracy of results in
we describe a process which organizations other experimental applications of this method
having similar structure and management style io situations where the "answar" could be
can use to ,stimate the relative values of determined by objective measures (5), [6).
their programs and activities.

AN APPLICATION
COMPARISON MATRICES

A Budget Review Board in the subject organi7a-
A ke, element in the theory of analytic tiot. was formed and charged with the respon-
hier.,rchies is the use of comparison matrices. sibility of recommending .the priorities to be
They provide a method for obtaining estimates placed on programs being included in the
of the relative values of n items from a

12
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V organization's budget proposal. The Board the weights shown in Figure 1. Development Of

obtained its information about the various New and Improved Systems branched into:

programs under censideration via written -Personal Safety

justifications and oral presentations by the -Training

program managers. T. Saaty of The Wharton -Operational Efficiency

School and the author worked with the Board to -Fleet Requirements

test the applicability of analytic hierarchies Similarly, a comparison matrix for these

to their problem. factors was constructed, producing the weights

shown in Figure 1. The lower weighted factors

The Board was first asked to define the primary were dropped from the initial hierarchy and

purpose for prioritizing the programs under the weights of the remaining factors were

review. After considerable discussion, it was renormalized to produce the final weighted

decided that the fundamental purpose was "To hierarchy shown in Figure 2. For example,

maximize the organization's contribution to since the relative weights of Improvement of

the Improvement of field operational readiness Existing Mateiials and Development of New

and capability." As it stood, this purpose and Improved !'stews were 0.48 and 0.29 within

was so broad that it was of little help in their level of the initial hierarchy, their

establishing preference between any two relative weights in the final "pruned" hier-

programs. However, to people experienced in archy shoulj be:
the material acquisition process, this objec- O.62=0.46 (0.484O.29) and 0.38-0.29 (0.48+O.29)

tive has enormous implicit informational Each relative weight of a final criterion

content. The objective of the exercise was to shown at the bottom of Figure 2 is the product

extract this content from the Board members, of all the weights of the segments o. the

Taking this broad objective as its apex (the branch containing that criterion.

top level of the hierarchy), a downward

branching hierarchy of sub-objectives and Because of time constraints, the Review Board

factors was developed until a level of detail was unable to carry out the next steps

was reached that was considered to be opera- described below. However, they actively used

tionally useful for setting priorities (Figure the criteria in their deliberations over

1). Simultaneous weighting of the branches program priorities and in their justification

made it possible to keep the process tractable of the priority rankings they finally reco-

by "pruning" those branches with low weights. mended.

Program Management and Project Management were The next steps of the general process will be
determined to be the most important factors exemplified by a hypothetical situation.

contributing to the fundamental objective. Suppose there are four programs A, B, C, D

Since the organization dealt primarily with under consideration. Using each criterion in

programs rather than projects, it is not turn as a dimension of comparison, a compari-

surprising that project management was given son matrix for the four programs is con-

a low u.ight. Consequently, only the Program structed. For example, suppose the compaci-

Management branch was developed further, son matrix of the four programs relative to

Because of time constraints, it was also the criterion of Reliability and Kaintainibil-

decided to concentrate only on New Programs. ity were
It was decided that the most important dimen-

sions along which New Programs should be

evaluated were: R&M A B C D

-Improvement of Existing Materials

-Development of New Materials A 1 1 3 2

-Development of New and Improved Systems
-Cost Savings 1 4 3

A comparison matrix for these four factors was
constructed by the Board, producing relative C 1/3 1/4 1 1

weights of 0.48, 0.08, 0.29, 0.15, as indicated

in Figure 1. Because of their low weight, D 1/2 1/3 1 1

Development of New Materials and Cost Savings
were dropped and only the two remaining

branches developed further. Improvement of An eigenvector of this matrix is used as

Existing Materials branched into: before to estimate the relative values of the

-Reliability and Maintainability programs via a vis the criterion tnder con-

-Survivability sideration (as shown in Table ). The final

-Mission Effectiveness relative value of a particular program is
-Producibility obtained by taking the weighted average of

-Operational Feasibility its values with respect to the individual

A comparison matrix of the relative impacts criteria, e.g., the overall value of .31 of
of these five factors upon the Improvement of program A is:

Existing Materialt was constructed, yielding .25x.32+.2?x.23-.16x.21 .23x.44+.15x.35.

13



FIGURE 1

Improve Readiness &Capabi1Jty

(.86) (.14)

Program Management Project Management

New Proga s..1

(.48) (.08) (.29)(.5

Improve Exiating Develop New DvlpNew Cost
H/aterikls Materials & Improved Systems Savings

(.33)(.106)(.05) (.34)(.50)
/ (28) (.12) 23 . /\ N

% Opera- /g Opera- Field
Hission tional tional operation

Siri- Effec.- Produci- weasi- Personal Effi- Require-
M ability tivnesss bility bility Safety Train ing ciency ments

a. Thf, numbers in parentheses indicate the branch weight.
b. The dashed lines indicate branchei that were dropped from further

consideration.

FIGURE 2

Final HierarchyI

Improve Readiness and Capability

(1.0) V

Program Management

(1.0)

New Programt:-
(.62) (3

Imprvel___' ) '-Develop New and

Existit eral Improved Systems

(.40) (.34) (.26) (.60)

Mission Operational Operational Field Operation
Criteria~ R&M Effectiveness Feasibility Efficiency Requirements K
Cr~- (.25) (.21) (.16) (.15) (.23)

Weight -
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TABLE I

Criterion-Specific Relative Valued

Program R h Mission Operational Operational Field Opera- Overnl
Program Rh Effectiveness Feasibility Efficiency tion Needs Program Valus

(.25) (.21) (.16) (.23) (.15)

A .32 .23 .21 .44 .35 .31

B .41 .27 .15 .21 .32 .28

C .12 .31 .29 .26 .12 .22.

D .15 .19 .35 .09 .21 .19

From the table, the rank ordering of the The organizational process we describe here is
programs by value should be: A, B, C, D. If broken into two stages. The first stage is
this rank ordering were all that was known the development of an organizational "value
about the value of the programs, the normal structure"; a set of weighted decision crite-
decision rule for funding would be to fund tia. The second stage is the estimation of
all of A, all of B, and so forth until the program values based on the value structure.
budget limit was reached. Programs lying
below this cut-off point would not be funded. Complex decision systems, both natural and
However, if the relative values of the pro- artificial, have value structures which enable
grams are known, as given in Table 1, the them to make decisions. The value structure
above rule does not in general produce the of a natural system apparently develops
best possible allocation decisiun. For through chance and natural selection, while
example, assume the estimated costs of A, B, that of an artificial system is built in by
C, D are $3.25, $2.75, $2.50, $.75 (in the system designer who extrapoltes the
millions) and the total allowed budget is $6 structure from the fundamentel purpose(s) for
million. Then the stated decision rule would which the system is to be used (2]. The
fund A and B, and drop C and D, producing a latter is the approach taken here. Although
package whose total value was .59. From the subject to periodic review and adjustment,

table, it is clear that one could obtain the value structure is to be organizational
the total value of .69 by funding programs policy that is relatively stable over time,
B, C, D. The funding rule to be used in the and the extensive effort required to produce
case where relative values are known is the structure need not be repeated annually.
discussed in more detail in a later section.

The first step is to carefully construct the
hierarchy that is to produce the criteria.

THE PROCESS Lists of potential criteria are elicited from

the sub-unit managers, the decision maker and
others. The staff consolidates this informs-

It is assumed that the organizations for which tion and formulates one or more hierarchical
our process is designed have the general breakdowns of the mission statement compatible
structure of Figure 3. It is further assumed with the level of detail and intent of the

that the management style is consersus seeking, solicited criteria. It is important that these

top-down decision making based on completed hierarchies are not mere reflections of the
stafi work. organization's structure. If a set of criteria

is developed such that one criterion applies
primarily to sub-unit A's programs, another

Figure 3 to sub-unit B's programs, etc., it will be
difficult to attain consensus as to whether

Decision one particular criterion is more Important

than another. Parochialism cannot be avoided
entirely but its effects should be minimized
on the basic value structure. A draft hier-
archy is selected by the decision maker and

S Sub- circulated to the sub-unit managers for their
decision maker approves the final hierarchy and

its criteria (Figure 4).



Figure 4 produce a single valued estimate of relative

Mission w€o rth.

The first thing to be settled is which pro-
grams are at the appropriate level for evalua-

Level I A B C tnc by the decision maker. The programs

oust be sufficiently broad so as to allow
adequate decision making power to the sub-unit managers. For hardware programs, the
work breakdown structure should provide a
guide, but the problem will be more difficult

r Cfor such "improve the system" tasks as "modern-
1re 2 k ie the approach to specs and standards" or

"rev, f , -ting procedures." The next step

is to weight the programs relative to the
The second step is the actual weighting of criteria of the value Lr-'cture. This would
the cr,.eri,. Progressing level by level be carried out by the staff oi a specially
down the hierarchy, blank comparison matrices formed committee during the POH prucess. How-
are circulated to the sub-unit managers and I ever, carrying out the process on all programs
others involved in the process who are then could be a monumental task. Even if the number
to fill in their estimates of the ratios of criteria were few, a large number of pro-
involved. For example, referring to Figure grams (or decision packages) could prove over-
4, there would be a matrix circulated of the whelmlug. Two comments are in order here.

i form: First, on-going programs would only need to be
updated; comparison matrices from the previous
year could be re-examined and modifications

A Z made to only a few entries. However, newI 1 * programs would still have to be weighted
relative to themselves and the on-going

Y programs. Second, in a marginal analysis

Z ibudgeting process, such as ZBB, only those

programs in the neighborhood of the cut-off
point need to be carefully valued. The
rankings of the very high priority and low

The personnel involved would be asked to place priority programs could be determined by
in the box marked with the asterisk their other, less time consuming meaus.
estimate of the ratio of the importance of

factor X to that of factor Y in achieving
factor A. These matrices would be analyzed THE ALLOCATION DECISION
by the staff. If there are major differences
of opilons, the conflicting parties would

be asked to prepare justifications supporting While the estimated program values produced by
their positions. (We have found that dif- this process will not be sufficiently accurate

fering perceptions of the meanings of the to allow for a straightforward application of
factors being compared is a frequent cause mathematical optimization techniques, it is
of disagreement.) The average branch weights nevertheless useful to discuss the theoretical
and the position papers are used by the consequences of such an application. If there

decision maker and his immediate staff when are n programs (or decision packages) PI, P2,
making the final determination of weights. * .',n having estimated values vI, v2,...,vn
This final weighting -rocess should take place and estimated costs 0l, c2,...,Cn, one should -

during a two or thr day planning retreat. fund that portfolio of programs having maximal
The final value s.rL ture is communicated to value among all. those whose cost does not
the organization and higher authority as a , exceed the funding constraints. Assuming that
statement of policy. the value of a portfolio is the sum of the

I values of its members, one is led to using

The second stage is that of estimating the linear programming to determine the optimal

relative values of the programs themselves portfolio. If the decision on each program
(or decision packages if one is working in a Is to' either fund or not fund, integer

zero-base budgeting context), and is to be programming would apply. If some of the pro- -!

carried out annually during the POM cycle, grams could be partially funded (and linearity
Criterion by criterion, the programs are of value received with . ;pect to funding
compared against one another to produce level held), mixed integer prog, .ming would
their criterion-specific relative values. The be u.-ed. There are two important implica-
we

4
ghto of the criteria are then used is tions of these remarks.

previously shown to "glue" these criterion- i. The values vi can be.taken to be the

specific values of the programs together to relative values (Evi-l) rather thin the
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"actual" values of the programs. [4] , Sudan Transport Study: The Use
2. The general rule of thumb for setting of Hierarchies in the Design of Transport

Sfunding priorities on programs is to rank them Systems, Philadelphip.: ADAR Corporation,

by their efficiencies vi/c i rather than their 5 vols., T.L. Saaty, Project Director,
values. That is, the programs should be funded 1975.
in the order PI, P2,"'Pn where
vlIcl > v2 /c2 > ... > vn/cn. This decision 15] _ , "Modeing Unstructured Decision
rule Xll produce a good approximation of Problems: The 'i:'eory of Analytic
the optimal portfolio. This is important Hierarchies," Proctc-dings of the First
because it is the decision maker who controls International Conferenc.e on Mathematical
the numerator vi while the sub-unit manager Modeling, Vol. I, University of Missouri-

controls the denominator ci. If the program Rolla, 1977.
manager clearly understands this funding rule
he will try to convince his superior to in- (6] -- _ & Khorija, M., "A Measure of ,Srld
crease the program value (hopefully by better Ivflueuce," Peace Science, June, 1976.
justifications) and will tend to be more
efficient by minimizing program costs (strict (7] _ & Re&sers, P.C., "The Future of
rules concerning cost overruns must be en- Higher Education itt the United States
forced here). (1985-2000)," Socio-Economic Planning

Sciences .0, Dp. 1976.

CONCLUSION

Since the majority of this paper has been
devoted to describing the mechanics of the
process, some space should be devoted to
a discussion of its behavioral and motiva-
tional aspects. Through the use of logically
derived hierarchies and systematic pair-wise
comparisons, the process provides a truly
holistic approach to plannirg. Consequently,
it produces a surprising degree of consensus
among its participants. Nor does it only
drive towards consensus; it also clarifies the
remaining points nf disagreement to such an
extent that the participants have a clear
understanding of where or'.ers stand and why.
There is a high potential for team building
inherent in the process. This is why the
final planning retreat with the decision

maker and his immediate staff is so important.
A major behavioral objective of the retreat
is the development of a top-management team
having a shared understanding of values and

who can communicate and logically justify these
values with one voice to others within and
without the organization.
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OMB BULLETIN A-109; ZERO BASED BUDGETING; MANAGEMENT BY OBJECTIVES--SOME INTEGRATING CONCEPTS

Mr. A. Stuart Atkinson, Executive Director for Acquisition Management

Naval Air Systems Command, Department of the Navy

INTRODUCTION organize unstructured data into information

,which allows the comparison of the available
Acquisition managers in the Department of alternatives upon some common basis. Based on

Defense face a world of expanding technical this structured information, he must make his

complexity, shrinking resources, increasing decisions (choices) and transmit these choices
mission needs, and more detailed public to his subordinates as information to guide
,countabill ty. their subsequent choices. Thus, not only does

'isnagement generate information to transmit

In rursuing the legitimate objective of their a..' Ions to workers, but also, higher
man.1-Ing the Defense effort in this environ- level management must provide information
ment, top jan. ement institntes such disci- which transmits their decr

4 ons to the lower
plines as are d&fined by Office of Management levels of management.

and Budget Bulletin A-1099 Zero Based Budg-
eting and Mnagement By Objectives. This paper suggests that improving the acquis-

ition process requires a definition and under-

How does the acquisition manager cope with the standing of the nature and content of the
bewildering environmental complexities and the decisions which must be made as the prerequl-
seemingly disjointed and conflicting array of site to defining who (the organization or

de~zids and acquire new weapon systems (as the individuals) should be assigned the responsi-
text .oiokq say) in an effective and efficient bility for these decisions or how (the

manner? processes or procedures used) the decisions
should be made. Thus, this paper is limited

This paper exaudnes the acquisition process to "what" decisions must be made rather than

from the viewpoint of theory and concepts, the "who" or the "how" of the decision

There are many ways of looking at this process.

process; some are better than others. The
viewpoint outlined herein may provide a more DISCUSSION

scientific and better understanding of the In order to illustrate the concepts outlined
acquisition process and thereby promote better in this paper, an example is considered in the
acquisition management. discussion which follows. This example is

grossly simplified but is representqtive of one
OVERALL APPROACH of the kinds of problems which face the acqui-

sition manager. This example illustrates the
Peter Drucker points out that the only product structuring of data in a ratner which will
of managers (Government and otherwise), and promote the rational choice of the "best"

their supporting staffs, is information which weapon system. This example structures data
transmits the decisions of the manager to utilizing relntionships based upon engineering
workers who use that Information to produce principles and statistical evidence where

and deliver the goods and services. Thus, an available, Where such relationships have not
overall concept which integrates the acquisi- been established. they are assumed. The
tion process, OMB Bulletin A-109, Zero Based assumptions and numericnl values used in this
Budgeting and Management By Objectives, is the example have no significance other than to
consideration of all of these disciplines as illustrate the concepts presented in the paper.

decision processes whicit generate information.
This paper does not d' uss the vital "doers" Assume the Navy needs expanded capability to

who produce goods an: ervices used by the provide logistic support to its carriers.

operating commands, bu. is limited to Further, assum. that, of the alternate means
examining the hierarchy of management deci- available, an analysis has established that
sions which direct the "doers." the most cost effective system that can be

provided to satisfy this needed capability will

It is assumed to be self-evident that it is be an inventory of 100 aircraft which can land

the objective of each manager, at all levels aboard the largo carriers. Based on analysis, V
of an organization, to make those decisions the Mission Element Need Statement (MENS)
which will result in providing the operating defines the following needs and constraints:
command with the "b6st" weapon system from
the myriad of alternatives which :xist. It is Maximum range at which lugstics must be

probably the understatement of .he day to delivered - 3,000 n. miles

obse-ve that each acquisition manager must
perf r Inn a complex, dynamic and unstructured Annual payload delivery capability at 3,000 n.

worlF. In order for the mr,,ager to make miles - j S00 x 106 lbs.

ratlnal desionn, he muv collect and

1n.8
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Maximum system life cycle cost - $7.5 billion In this extremely simplified examphr, It is[ also assumed that experts have validated that

Maximum annual RDT6E cost - $150 million all of the values in Table I are the best

estimates available and futhor that all key
Initial operating capability - January 1986 program milestones are satisfactory in

relationship to the required operating date.
With the need as defined by the HENS, the

acquisition manager may then determine opera- The problem presented to the acquisition

tional assumptions and design constraints, and manager at Ehis point is how to choose the

objectives: "best" airframe-propulsion system combination
for the Navy. However, because of the fact

Constraints: that no single airframe or propulsion system
exhibits all of either the good characteris-

Maximum take-off gross weight (acceptable tics or all of the bad ones, the manager must

for landing on a carrier) - 50,000 lbs. put weighting factors on each characteristic
in order to select the beat weapon system.

Aircraft life (assumed) - 20 yrs.
Table II shows some parameters which are

Average peacetime utilization (assumed) considered to be significant to the user (and

- 30 flt. hrs./mo. the acquisition manager) of the weapon system
and the variable from Table I which deter-

Objective: mines the values of each of the parameters
listed. The detailed equations which relate

Maximum logistic delivery capability for the the indicated variables to each particular

minimum life cycle cost. parameter listed are shown in Appendix A.

With above assumptions, constraints, and Table III shows the value of the system

objective, the acquisition manager may then parameters listed in Table II using the

request proposals from industry. For this equations of Appendix A.

example, assume the propulsion system is
Government Furnished Equipment and the manager The data on Table III allows the manager to

procures the propulsion cystem from one con- make a better judgment than that on Table I,

tractor and the remainder of the aircraft however, there is still no direct basis for

weapon system (defined as the airframe in this comparing the alternatives.

example) from another.
The manager may further reduce the variables

In order to keep the example extremely simple, which he must consider by relating all of the

assume the manager has the following weapon parameters which contribute to the effective-

system alternatives: ness (military worth) of the system into one

value and those parameters which contribute

Continue purchasing an existing airframe to the cost, or disadvantages, of the system

configuration - Configuration A into another value. Appendix A assumes the
relationships are as follows and computes the

Develop and purchase a new airframe values indicated on Table IV.

configuration - Configuration B
E (Effectiveness) - Payload X Cruise Vel. X

Continue purchasing an existing propulsion Op. Readiness X Prob. of Mission Success X

system - Configuration 1 No. Aircraft

Develop and purchase a new propulsion system - C (Life Cycle Cost) - RSD Coate + Investment

=1 Configuration 2 Costs + Total Operation & Support Costs

Combinations of the above The values of Table IV, when plotted on a

graph of effectiveness versus cost, are shown

Table I shows the characteristics of the air- on Figure 1.

frame and propulsion systems available. Ines- B-2
much as each alternate coniiders events which 700-
will occur in the future and there is risk
associated with achieving e2ch characteristic Effectiveness "-1
listed. This risk is defined as (1-P), where (Millions 600
P is the probability that the quantitative lb. N. Miles/Hr) 6 A_2
value listed will be achieved. In order to .A-l
quantitatively consider risk the expected 500

value of each characteristic is calculated in
Table I as the estimated value either multi-
plied by P or divided by P (it is always LCC-Billions of Dollars

assumed that risk makes the expected value

"worse" than the estimated value). Figure 1
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From Figure 1, it is obvious that Configura- decision maker should rank the alternatives

li~on A-2 is the worst choice of the aletena- available? There are several general charac-

tives available. However, the best choice teristics of the required preference
from Configurations A-i, B-1 or B-2 is not criterion which are believed to be of
obvious. primary significance.

In the real world, judgment can be applied in . The criterion should measure the degree to

selecting one of the following: which each alternative contributes to the
higher level need which originates from

Greatest effectiveness Configuration B-2 outside the organization. In this case, the

Lowest risk Configuration A-1 operating command (an "outside" organization)

has a-need for an expanded logistic support

A more "acientific" ranking of the alterna- 
capability.

'"ves may be achieved by assigning a numerical hfil e criterion should be a single-
v;tl.e to the relationships between the valued measure of the contribution of each

efftivenes of a system and its military alternative of the higher level need. It is
worth tc, '.ne ol-ator expressed in dollars suggested that every decision maker, in the
(function fm in Appendix A). final analysis, must use a criterion which
ly assigning a value to f, of Sl2Jlb.-nk.mi.I provides a common single-valued basis for

directly comparing the alternatives. Other-

hr. the net military gain resulting wise, he cannot rationally rank one alterna-
from the acquisition of each of the tive relative to the other. In this example
alternatives as listed below may ue calcu- i w . that the single-valued
lated using the equation: criterion, net military gain, measured the

G (Net Military Gain) - 12 X E (Effectiveness) contribution each alternative made to
satisfying the Navy's need for additional

- C (Life Cycle Cost) logistic support.

Net %ilitary Ga Alternative . Ideally, the preference criterion should$2,830 B 8-1
2.470 B B-2 relate all of the advantages of each alter-
2.72 B B-2 native to all of the disadvantages of the2.371BA-1
2.371 B h-2 same alternative. In this example, all of the

advantages are combitied in the term "Effec-
tiveness" and all of the disadvantages in the

Thus, the acquisition manager, by the above term "Life Cycle Cost." The rliation between
proc:dure, may rationally select ronfigura- Net Military Gain (G), Effectiveness (E), and
tion 3-i as the best weapon system from the Life Cycle Cost (C) were given by the
available combinations of airframe and pro- equation:
pulsiop subsystems.

G - 12E - C

From the above example and th2 supporting
equations of Appendix A the discussion that Third--what data must be collected in order to
follows outlines some general principles that rank the alternatives? It is believed to be
were used to define and structure data in a self evident that the date listed in Table I

form which allows the decision maker to make had to be derived by beginning with the
a rational decision. It is suggested that assumed single valued criterion (Net Military

these principles may have broad application Gain) and then deriving the measurable qvian-
to oecision maKing, iP Reneral. titative variables which were necessary to

determine the value of the Net Military Gain

The overall principle ' that management offered by each alternative available. This

should strive to deal th data that are was the procedure by which the variables

objective, quantita,.,v and measurable. This listed in Table I were derived in Appendix A.
is the essence of science as compared to art. The general conclusion is that the decision

Without belaboring the merits of being maker should develop the data needed from his
"scientific," scientific methods are more subordinates rather than vice versa. Other-

effectively communicated, taught and verified, wise, the data are likely to be redundant and/

Erroneous postulates can be independently or -incomplete.
measured and corrected and the methods thereby
improved with time. In this example, after rha acquisition manager

has P.ected Alternative R-1, it is appropri-

First--what id the nature and content of the ate that the variables listed for Airframe B

decision to be made? In this example, the and Propulsion System 1 be establsned as

specUfic decision is the selection of the objectives. - (along with the schedule and

best ,:otbination of subsystems from the other constraints) for the airframe and pro-
optirns available. pulsion system cor.fractor, respectively. "

Single-valued objectives for the best sub- -
Secor4--what is the criterion by which the system to match each of the two alternative

202 o -I .
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subsystems may be developed from the variablee It is also suggested here that the two
listed on Table I. This development is oeyond alternative airframes and the two alternative
the scope of this paper, propulsion systems, each with the associated

resources required for implementation of
(In this paper it is suggested that the term the alternative, represent logical "decisin
"need" used by the strategic operator, "objec- packages" for management to consider in
tive" or "goal" used by the general manager, effecting Zero Based Budgeting.
"requirement" used by the engineering manager,
or "purpose" used by the behavioralist are OMB BULLETIN A-109
different terms which generally have the same
meaning. Other than in the case of the The above example illustrates the nature and
Mission Element Need Statement, the term content of the decisions which must be made
"Objective" is used in this paper.) in only one life cycle phase (pre DSARC I) and

in the acquisition process of a major system
It would appear to be self-evident that, when at only one work breakdown structure level.
the weapon system manager is assigned the
responsibility for a MENS, he should also be 1he discussion that follows expands to
provided with the resources necessary to consider the acquisition process over the
implement the program required to satisfy the life cycle of a weapon system as defined by
needs defined therein. Also, when the weapon OMB Bulletin A-109 and DOD Directive 5000.1.
system manager allocates objectives for the Another concept is the proposition that all
airframe contractor and propulsion system acquisitions proceed through five relatively
contractor (in the example), it would also distinct life icle phases, and that each
appear self-evident that he must allocate the phase generates i,formation in the form of
resources provided to each contractor in order a contract between the relatively distinct
for the objectives defined for each subsystem type of manager who must manage each success-

to be satisfied. ive phase. These phases, including the
relationship to the DSARC decisions as

Although the above case assumes a precise defined in Department of Defense Directive
measurable objective for the system and the 5000.1, the type of manager involved and
subsystems, in the real world the problems (in the case of major weapon systems), the
are many times more complicated. All knowl- primary document or "contract" generated

edge never resides in a single individual or as the result of each phase, are listed
organization. It is considered important both below:
from the viewpoint of getting the most

appropriate, precise and measurable objec-
tives and also getting the cooperation of all
participants that the objectives (and con-
straints) should be negotiated between
superior and subordinates; not unilaterally
directed from on high.

LIFE CYCLE PHASE TYPE MANAER INVOLVED PRIMKARY DOCUMENT PRODUCED

Identification of a . Strategic Operators . Mission Element Element Need
need (pre DSARC. O) Statement

Definition (and valida- . Weapon System Preliminary . Weapon System Development Contract
tion) of program plan Design Manager (including the System Performance
(pre DSARC I) Specifications)

Design (and development) . Weapon Systems Design W Weapon System Production Contract

(Pre DSARC II) Manager (including the System Design DataPackage)

Production (pre DSARC III Weapon System Production Actual Systems with Operating and
Manager Support Instructions (The actual

manufacture cf systems is outside the
Operation (post DSARC III) • Operating Command definition of managers as discussed

in this paper)

As the acquisition process proceeds through made at the higher levels of the work break-
these life cycle phases, the decisions made down structure of a weapon system successively
during each phase successively narrow the narrow the choices available at each lower
choices available at each successive phase, level cf the work breakdown structure. (in the

-Aw Also, as the process proceeds, the decisions example, after airframe B and propulsion
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system I are chosen, effort at the lower work 'f the available nlternatives to all of the
breakdown structure levels is limited to these disadvantages.~subsystems. )

ZERO BASED BUDGETING (ZBB)

A description of an acquisition decision model
which divides the process by life cycle phases Fundamental to the ZBB process is the develop-

and work breakdown structure level is outlined ment of decision packages. Each budget

in detail in a forthcoming paper in the package which describes an objecive which is
"Defense Systems Management Review" and will expected to be achieved for the exoenditure oi

not be discussed in any detail here. Briefly, the resources is indicated in the package.
Lhowever, the decision model describes a These packages are then ranked and the "best"
-complex process in which gross requirements combination aggregated at successively higher

and total resources are successively broken levels.
down into a more detailed definition of the 'The 4s;r,,suion of this paper suggests that the
wepion system's elements, with each element structuring of objectives with the assoclatea
being allocated a smaller share of the total required recources meets he requirement; foi
available res,.rces. Throughout the process, decision packages required by ZP',. For the

needs ,,d available resources (which flow reasons discussed herein, it is beli eved to be
from the m-inagers responsible for the essential that the ZBU decision packages and
higher work breakd-2wn structure levels and the budget structure which support ZBB must be

earlier life cycle phases) must be matched developed by management from the top down if
with available alternatives and required the decision packages are to be compared on any

resources (which flow from the managers common h.sis and are to be rationally aggre-
responsible for the lower work breakdown gated f.,am the bottom up.
structure levels and later life cycle phases

of the weapon systems). The above discussion has centered essentially

upon the mechanics of the acquisition process.
During this complex processt the Weapon System Early in the paper the assumption is made that
Manager, by reviewing the results of analyses "it is the objective of each manager, at all
and tests, by continuous monitoring of the levels of the organization, to make those
process and by making the program changes as decisions which will result in providing the
indicated, strives to reduce the risk (as 'perating comand with the "best" weapon '4
nucerically 11sted on Table I in the example) system..." One of the primary challenges
associated with achieving all performance facing management is the motivation of

objectives established at multiple management personnel at all levels to purrue individual
levels. work objectives consistent with the overall

Objectives of the organization. MBO deals

%MANAGF.ME4T BY OBJECTIVES (MBO) 'Wth thP issue by InstLitutlng the process of
requiring superiors to negotiate objectives

It is the writer's understanding that the with subordinates. The supe:ior must track
following are the key elements of MBO: objectives with rigor in order to emphasize

theiK importance to subordinates. The reward
* Use of quantified measurable objectives at structure (financial and otherwise) of the
all levels of the organization. organizzt-lon should reward subordinates in

Preltilon rt the degree to which assigned

Negotiation of objectives between superior objectives are satisfied. This is often

and suburdinare. difficult under the Civil Service System.

. Periodic review of the subordinatets Lastly the development of objectives by a
-F progress relative to objectives, process similar to that illustrated here,

!ends itself to extensive use of computers.

- Rewards to the sube linate related to the .anagers should provide the judgmental i

degree to which he achieved the assigned $nputs and comp.aters can then provide the

objective. mathematical calcol&rlons.

It is also the writer's understanding that MB0 SMKARY
has met with mixed success. In the writer's
o ,eri _t in thin rilmrd, HMO ha. b".n weak The following paragraphs list each of the
bOeeula thuet hal been little guidance en how principle.s or concrtpts emphasized in thin
to melect and structure objectives which are paper and briefly titscuss Ole relationship
mo~t signitficant to the operational ouwcess of rach to the managper disciplines of 0110
o{ tie orsanIzati,,n. it is believed that MOlO Bulletin A-109, Zero Basod Budget fup. and/or
,-An be imi, ritveA hy dnv'loping an inregrnted lAnag,,m,nt By Ob.etiveas.
litpc.'it,,l stru,'tut of ithjetiv.. from the
it-it .twn llonrnrliy rthawlung the proedui ., Tlt. manrgeme.nt t acqul ition is ,t

ite,! [i Apl|rtilx A. VFrthermonre, tmtalttgel h,.rcr,'hical decision process which
,h,,,!d strive to develop single-valued genertes information. This broad
obje rtve, which relate all of the advantages principle in applicable to all of the three
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management discipl ine:;. Iiere. ate new mfanlagemnt disciplines avail-
able as well as the technology of greatly

liTe primfl~y. decisions iiide by managers In e~xpanded computers and automated manaigement
the acquISA'tion process art- thonse required to Information SyStema Which can promoteInegotiate the oL.,ectives for the :subsystemS improvements in the acquisition process.
with subordinate managers which will satisfy
the higher level system need (objectie) 'rite application of more precise management
which has been negotiated With his superior disciplines and advanced information systems Ii
from outside rte organization (the pro- i iie yteclue(npriua'SIcedure by which these objectives are achieved that ci' the Government sector) of our
are secondary). 'Choe hierarchies of society. Managers at all levels'arej obectvesendsubbjecive ar cosidredchallenged to build a reward structure which
to be the essential links between weapon will align the objectives of the hndividuals

Isystem design objectives and subsystem design With those of the organizations in which
objectives at each phase Of the acquisition they work. Changes' in reward systems which
process defined by 0MB Bhulletin A-l09, will motivate all Individuals to inove to

emphasize the following are believed,
Tj acusto:rcsspoed hog necessary: cocnrtnon"pdwn

formal i'ocuments ( r contracts) generated Topmagentccnrai ol"pdw"
during each phase. This Concept describeb developed objectives and constraints ratherIthe process coitJSSeit with 0411 Bulletin than detailed procedures. ~mr ealta

A-l0g/DODDietv50.1

Ideally, all objetLiveS .hould be qualtita- is necessary to manage the objectives assignedfobjectives should serve as a single-valued management).

I criterion by Which the decision ma~ker ranks
the alternatives available. In addition, R esources allocated In direct support of
the criterion should relate all of the objirtives at all levels with the appropriate
advantages of each available alternative to Supporting accounting structure.
all of the disadvantages. These principles
are equally applicable to MOOD and the Rigorous tracking of accomplishment and

*under Z5iB.

The resources obtai%.ed from outside rthe
§1 organizationi must match rhe higher level

system nteed assigned urnm outo~ide and must -

eallocated cons'. -eit wich the objectives
fo ubsystem ojcie hc r

negotiated with subordinates. This
picpeis consistent with HBO and the

decision jpackaqet. required by Zbli.

£.An integrated and quantitative hierarchicalT]structure oi o: Jectives must be developedt fr'om the top down. -It is.suggested that
this principle must apoly both to the REFERENCES
hierarchical structure of objectives which is
required by HBLO and the hierarchical budget !JDprmn fDfne~rcie50.

.structure required by VIP. if these processes of 19 January 1977, Major Systemfare to be rational and effective. Acquisition

.Objectives should be negotiated between [1NvlMtra omn ntuto 203
superiors and subordinates and each o21 Navl Mterial Coman 193I nstuetint 520.3

tmanageris reward should be related to the Ofjecis P rogra93m 1M angmetbI degree to which he achieves *the assigned
objective. [31 Office of Management snd Budget Bulletin

NlO, 77.9 of April 19, 1977, Zero Based
fCONCLUSIONS Budgeting

Managing the acquisition of weapon systems In [4) Office of Matingemotir and Budpvt Circular

the future will be an extremely challenging A-19 of April 5. 1976, Ifarr yt
task for the Individual manager and for ourAcusto
nation. Aqiiin-;
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tTABL.E I -CHARACTERISTICS OF SUBSYSTEMS

AIRFRAME A AIRFRAME B
Est. Est. Expected Ts t. Ms. Expe-cted

R _isk Value Value Risk Value

Av6., Cruise Velocity (knots) Soo0 500 550 ,01 544.5
Effective Lift-Drag Ratio (Dimension-

less) 15 015 16 .01 L5.84
Airframe Weight (15S.) 15,000 0 15,000 14,000 .03 14,432,
Airframe Failure Rate (Failure/Fit

110) 1.0 .03 1.O3 0. 7 .10 0. 777'
Airfraame Mean 'rime to Repair (Mrs) 10.0 .02 10.2 8.0 .04 8.33

. Airframe Ove,,a,,l Interval (fire) 500 .02 490 600 .08 552
rAve. Mission Time (firs) 6 0 6 5.45 .02 5.56
SAirfranau R&D Costs ($ Millions) 0 0 0 300 I2333

Airframe InVeatineaL Costs ( Millions) 500 .05 526 700 .08 760
ilAirframe Oper & Sup Costs ( Millions) 2,350 .08 2,554 2,500 .12 2,841

Airfrairk Initial ILS Costs ($Hill.) 0 0 0 35P .08 380
T .PROPULSION SYSTEC S PROPULSION SYSTEM 2

Est. Est. Expected Est. Est. Expected

Value Risk Value Value Risk Value

Engine E1ficiency (Dimensionless) 0.28 0 .28 0.32 .05 .306
Engine Weight (lbs.) 2,800 0 2,800 2.200 .02 2,244
Engine Failure Rate (Failure/Flt it 0.2 .02 0.204 0.15 .08 0.163
Engine Mean Time to Rpair (Hre) 5.0 .01 5.05 8.0 .03 8.247
Engine Overhaul Interval (lira) 500 .03 485 1,000 .10 900
Engine R&D Costa ( Millions) 0 0 0 250 .10 278
Engine Investment Costs ($ Millions) 200 .04 208 350 .06 372
Engine Oper & Sup Costs ( Millions) 800 .06 851 900 .12 1,80oirgine, Initial ILS Costs Millions) 0 0 0 20 .06 29

TABLL 1O VARIABLES USED TO CALCULATE SYSTEM PARAMETERS

" tSYSTEM PARAkHETERS VARIABLES (FROM TABLE I}

Et t.Effective l Eft--drag ratio
Value Airframe weiVht

Engine eig0 .2

Average cruise velocity (Assumed)

fOperational Rea.Jiness' Airframe failure rate,
Engine failure rate

' Airframe mean time to repairEnginEngine mean time to repair

• Airframe overhaul'interval
Engi OvehEngine nrrhaul-tnerval 1

-Probability of mission success Airframe failur& rateiEngine filure ra2te

! Average mission time

i Resea rch and Development Costs Airframe R&D costs =

I Engine R&D colts-

Investment costs Airfraz, investment costsEngne Investment costs 0

Total operation and suppSot costs Initial airframe ILS cot 0

Intinl engine IIS Cotsts M
Airframe opeation and support cots

Engine operation and support costs
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TABLZ III CHRCEITC OF SUBSYSTEM COMBINATIONSI

AVE. CRUISE OPERATIONAL PROB. OF MISSION R&D INVEST. TOTAL OPER.
SUBSYSTEH PAYLOAD VELOCITY READINESS SUCCESS COSTS COSTS & SUPT. COSTS

COMBINATION (LBS) (KNOTS) (PERCENT) (PERCENT) ($14) (SM ($H)

A-1 17,100 500.0 69.3 90.5 0 734 3,404

A-2 17,653 !00.0 68.4 87.5 278 898 3,852

B-1 18,420 544.5 73.6 92.6 333 968 4,072

B-2 18,882 544.5 74.6 89.5 611 1,132 4,519

TABLE IV - EFFECTIVENESS AND C03T OF SUBSYSTEM COMBINATIONS

SUBSYSTEM - EFFECTIVENESS LIFE CYCLE COST

COMBINATIONS (lb-N.Miles/Hr) ($M)

A-1 542,430,500 4,138

A-2 563,098,700 5,028

3-1 683,560,200 5,373

"-2 727,674,300 6,262
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G C -Lf CceCotF Aifrm fiue rat (efl urXe/Figh

fWhore:onwic eatsth o
Where:~ ~~ oroa lly redyode to sppl

fm~~~~~~~ ~ ~ ~ . A function which relatesmitay(Oa)o the nofam c tar

eftiee ss* opmliaywotratfinlury raed.a~deospl

NORSa)othaifaec'teirto miltary wrth =(-~R~) (0.20 used for this example)function wich relate militaryFafilr rae

E Military effectiveness (lb.-n.mile/hr.)

f we A functionx~ which relates the airframe
P 0aaatn maintenance rate (AWSa) to the

Whrfra: failure rate (&Aa)

WP.Payload (lbs.) (.0usdfor this example)

fa A function which relates the airframe
'~ -verge cuis velcit (knts)downing event rate to the airframe

OE. - Operational readiness (dimensionless) failure rate (D~
F~xFa

(0.10 used for this example)
Sc Probability of mission success

(dimensionless) M .Meantime to repair t~e airframe

(hours)
.' Number of aircraft (dimensionless)

-4 T -Total aircraft lifetime (hours)
p'R a e (175,200 used in this example)

2 ,71 8 he LjV foe ' A function which relates the not

Where: operationally ready rate due to
rcheduled maintenance of the airframe

W - Aircraft takeoff gross weight (50,000 to the number of scheduled overhauls
9 b.ue o hseape (?3ORMS (P) a )

lbs.~(000 used for this example) n vral
R Airzraft Lange (3,600 n. miles used In(001ue fo ths xap)

chis example, which is greater than theSceudovralitvl rth
requirement of 3 000 n.uiles to allot to
for warm up cl' , reserve, etc.) ifae(or)-

h *Energy content of the fuel (2,400 n. e*ube ,unne praifae(ofr
mIle - lbs/lb. used for this example)thsea l)

-H Aircraft lifetime flight hours
a Engine efficiency (dimensionless) (,0 o hseape

L/D E ffective aircraft lift**drag ratio r Egn alr ae(alrsfih
(dimensionless)hor

-I Airframe weight (Ibo,) fee- A function which relates the not
operationally ready rate .ue co supply

-Engine waight (lbs.) (NORSe) of the engine to the engine
ORI~a fra~ +f.failure rate NOR2~e

T (0.18 used for this example)
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fwe A function which relates the engine CIa * Total airframe Investment costs for
awaiting maintenance rate (AWSe) to the all production units ($)[engine failure rare jAWSe)17, - - Total airfriAe operat ion and support
(0.005 used for this example) (

f3e A function which relates the engine CLa Total initial airframe logistic
downing event rate to the engine procurement and support costs ($)

£D~~~e failure rate "D xJ e

ECRe - Total engine peculiar research and
(0.15 used for this example) development costs ($)

f A function which relates the not Cie - Total engine investment costs for
oe operationally ready rate due to all production units (including

scheduled maintenance of the engine complete spare enginee) ($)
to the number of scheduled
overhauls NORMS(P)e CO Total engine operation and support

(No overhauls costs (5)
(0.001 used for this example)

CLe ' Total initial engine logistic
MTTRe = Mean time to repair the engine procurement and support costs ($)

fla Fat The above example assumes that each aircraft

so  2a Fat - f2e Ft fla Fat + 1 system can use either propulsion system andIstill achieve the performance quoted for the

fle Pet , airframe.

fle Pet Ne + I

Where:

fla- A function which relates the airframe
caused deck abort rate to the air-
frame failure rate DA&

(0.01 used for this example) 3.i

f2a - A function which relates the engine
caused flight abort rate to the
engine failure rate FA-

"a z PH
(0.002 used for this example

fl, A function which relates the engine
caused deck abort rate to the engine
failure rate ( DA*

(0.008 used foretil~example)

f2a - A function which relates the engine
caused flight abort rate to the

engine failure rate ( FAe

(0.002 used for this example) V,

t - Average mission time (hours)

C " a + CIS + COa + C+ e + CLe COe -N
, + CLe

Where:

era Total airfra peculiar research anddevelopment costs ()2
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A NEW CONTROL SYSTEM FOR ARMY PROCUREMENT APPROPRIATIONS:
LOOKING FORWARD IN FINANCIAL MAN&GEMENT

Lt. Col. Steven G. West, United States Army
Program Manager, Army Program and Fund Control System
Of£ice, Comptroller of the Amy
Washington, D.C.

INTRODUCTION

Changing an entrenched accountiag and financial resources, but it lacked adequate
financial management system that handles over contrulL ind accounting discipline.
$20 .illion annuelly called for some hard
questions ro be asked. Coming up with the As a result of the accountinZ system's weak-
answers w- .n uven greater challenge. nesses, meaningful management information de-

picting the growth of the problem coull not

be p'roduced. This void was directly compounded
Over the past several years, financial b' the basic inadequacies in the financial
management requirements for the Army have systems and the fact that the Army-level
undergone major changes, especially in the management information system had not been
area of procurement appropriations. Unfortu- fully implemented.
nately, these changes led to major problems

for the existing accounting systems, fund Manually updated ledgers, used to record and
control procedures, and management informa- control program aud fund authorization, were
cion reports and procedures. until recently the prime management tool.

hnthough fund authorization data were often
The accounting system in 1970 were designed fed into partially automated accounting J

to manage a single procurement appropriation ledger systems, there were inadequate controls,

for the Army. A comparatively small amount of lack of effective reconciliations, and inade-
reimbursable accounting was required for quate and outdated management reports. Balances
other customers, such as the Air Force, for the same appropriation status differed
Marine Corps, and Foreign Military Sales. Then between Department of Army, major Army com-
in mid-fiscal year 1971, Congress changed the mands, and the Army Finance and Accounting
accounting structure from one appropriation to Center. This resulted in a continual dispute
five separate procurement appropriations. This over the accuracy and reliability of fund

was done primarily to gain better control and data.
visibility over the procurement program.

When the full magnitude of the violations was
But there were major ramifications. The new recognized in 1975, investigations and special
appropriations could only be used for obliga- studies identified many specific problems.
tion of the approved funds for three years The Army undertook an extensive corrective
and for expenditures for two additional years. action program to prevent recurrencep but the
Each year five more appropriations were basic financial management system was not
approved by Congress. Attempts to adapt the changed. Additional violations merely high-
existing Army acccunting system to this lighted the necessity for a basic reevaluation
drastically changed environment proved inade- ot system needs. The decision in October 1976
quate. In 3975, at the end of the obligation to design and implement a new system that
and expenditure life of -he 1971 appropria- could help solve the basic problems and gain
tions, a series of vie" ions of law (Revised iormal General Accounting Office approval
Statute 3679 - Anti-"t.. ciency Act) was dis- within one year obviously represented a major
covered. Overallocation of funds, lack of ch'allenge.
adequate accounting control, overobligations,
and unreconcilable records were identified. Twenty-five separate procurement appropriations

comprising thousands of procurement items for

The expansion of Foreign Military Sales during sutpport of the Army must be managed on a
this same period (1971 through 1975) further detailed basis. In addition, the Foreign
complicated the management problem. The VMS Military Sales program must be managed as a
program grew to a magnitude almost equal to part of each appropriation. In many cases,
the congressionally approved program for the the FMS program was actuall, greater than the
Army's needs. The procurement appropriation Army's program in total value and qv iltity of
accounting system coild neither effectively material. The result was the requirement to -
manage the volume, nor provide the essential manage 50 separate programs with a total value

FMS management data such as contract account- exceeding $20 billion.
ing and case control. An attempt was made to
rely on the logistics system to control FMS The existing financial systems provided
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neither adequate control of FMS cases nor base management system was required. This

adequate management information to establish would involve tying the major Army Staff ele-
financial control over the appropriations. ,r.ents involved in the management process

Despite an extensive effort to improve the together with major Army commands, subordinate
existing automated and manual procedures and commands, and the central accounting centers.

records, basic weaknesses resaiine. that were A preliminarv dsistn colorat, statod n a

beyond the capability of the old systems to management requirwements paper, Jos thun d..vok -
correct; for example, positive controls did oped. It specifically defined what program
not exist to prevent release or utilization of and fund actions would be managed; the controls

more authority than was authorized. The fact to be imposed by the system; and that all in-

that major program and fund managers had puts and most outputs would be managed through

different figures after this significant the conmmunication terminals operated by each
effort to improve management and control fur- system user. From its inception, the system

ther indicated a need for reassessment. It was was to become a management control process

concluded that the needs of the Army were to: more so than a management information system.

- Establish essential financial control over The fact that the Army did not have the

appropriations to prevent violations of law. computer capability to support such a state-

of-the-art systemization led to the decision

- Maintain the current appropriation status, to implement the system using contractor

support until In-house capabilities were
- Establish one set of official records use- available. Contractor support was used to

able by all. refine the detailed design of the system, to

perform the necessary programing, and to

- Improve the timeliness and accuracy of support the operational system when implement-

financial information. ed, The contractor was not to determine what
was needed, but was to accomplish technical

- Expedite the provision of resources to the support and programming and act as the com-

levels executing the program. puter expert upon system implementation.

- Simplify the overall management process. The overall system initiative for the procure-

ment appropriations involves the three major
- Implement a responsive system. phases in Figure 1.

These specific objectives were crystallized

via a 90-day, Executive-level management
study directed by the Secretary of the Army Fieursi. TheThre Phu oftdoSystmInstrys

and conducted by a Blue Ribbon civilian
advisory group known as the Financial Manage- Pha: Progam and fund conol a O.parmnt of th
ment Advisory Committee. Their report was ArmyheildquarwiilndomajrArmycommands.
accepted by the Secretary of the Army in June
1976, and a high-level implementation steering
group was formed immediately. Chaired by the

Under Secretary of the Army, this group was PtmI: Exoftsw, of the progrm aund '
chartered to ensure that strong, positive momntystem nsm ams* m.ntool

actions were taken. The implementation of a withinmajorArmy commands&W to the

new program and fund control system for Depart-
ment of the Army headquarters was a specific

objective established by the steering group. Phm III: Finaciconte of he Amy C Order Proram.

Rapid implementation of the new system
necessitated a critical-path management
process. Planning, design, coordination, and
implementation were conducted simultaneously,
with the basic objectives as the guide. How-

ever, detailed planning and documentation
could not be slighted since the U.S. Army Because the system would function as a manage-

Audit Agency was to be requested to conduct a ment control tool at various levels, each

real-time audit of the effort, and the designs organization's requirements were separately ad-

were to be formally jubmitted to the General dressed and integrated to meet the basic objec-

Accounting Office for system approval during tives. Ensuring significant managerial benefits

the design and implementation process. at each system level added to the complexity,

sfice the system was rot to become solely a
A WORKABLE CONCEPT management information source for Department

of the Army. The organizations involved and

Brainstorming by staff and systems personnel their locations are reflected in Figure 2,

led to the realisation that a real-time data while the operating concept is reflected in
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Figure 3. The number of involved organiza- necessity for generating numerous and differing
tions and their geographic diversity indicate status reports at each level. In addition, it
the magnitude of the coordination and planning eliminated the need for extensive telephonic
tasks. coordination to determine the status of actions

taken at different organizational levels,

Fv,. 2 ht-t IAt#w~6.,~r-,WF,.C.bW$W.since each user can obtain this information at
Lhis terminal. An innediate answer is provided.

Since the system functions as a part of the
,'.-.ir total Army financial system, a system transac-

*___ C :. tion automatically generates taped interfaces
.C ,i ,o "to other financial systems (at the LogisticsE D F. ;L _ ";-. System Support Agency and the Army Finance

--d Accounting Center) through AUTODIN. This

qj effects i..r savings in terms of document
-i, P "-processing time and review, elimination of

0~ reference ledger systems, 1,-vpurnching, and"!10 V- A'' ' ^ , verificat ion of data inputs.

i. . Although savings and significant Improvements
have been and will be realized when full
implementation of all phases is complete, the
basic justification for the system was always

I -to prov'de improved financial control and
accurate information for analysts and decision
makers. Nany analysts previously involved in
routine bookkeeping functions are now able to
devote their time to analysis instead. Phases
1I and Il are presently sa.heduled to be test..

The system integrates the entire program and ed and implemented in March 1978. Due to
fund release process, from the congressional their scope, their implementation will be
authorization of procurement appropriation phased to allow earlier use of high-priority
items, through Department of Defense program modules as they are tested and integrated into
release actions, through Department of Army the system.
releases, through the major command actions,
and to the executing levels. All involved have "On-line" refers to the fact that system users
total real-tire visibility of actions affect- (budget and financial analysts) have direct
ing them. in terms of processing times, high- access to the central processing unit at all
priority items can be totally released to an times, either for data input or file inquiry. 7
executing agency in less than an hour; under To ensure security and control, the system
the previous system, it took more than a week. limits access by controlling which users are

allowed to perform certain functions, and by
requiring a combination of password and userccess identifiers. This to in contrast to a

F*H-,3. Owed"comew "batch" system method of periodic bulk pro-
ceasing in which similar financial transac-
tions are stock-piled in punch card form to
be run through a computer as a group either
daily, weekly, or monthly, as is done in all
other Army-level financial systems.p The main advantages of direct and continued -.

access to the ,or'uter is that it permits
imediate updati & of files. Thus, the system
can compare desired input to the currentVstatus of a financial item. If the transac-
tion is acceptable, it is approved. If an

UTYC,,ItOPITAPP O coensouteomHEaRY action could violate internal system control,
'OR EI AlCH DIVtLOiNT
4 ACeu-usioo" the transaction Is disapproved and the

requester is notified immediately. In other
words, the Army's procurement apprdpriations

The Phase I system was fully implemented on program, fund authorization, and allocation
May 20, 1977. It was designated the official files should always be current, _.abling
Arm- record, and all fund and program changes management personnel to obtain up-to-date
are being processed through the system. This information by simply pushing a few keys on 7
virtually eliminated the need for reconcilla- the system conmsnication terminal. ,,..

tions among manual records ond reduced the
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A REPRESENTATIVE ACTION thC besic Uystetl dtreCtVlou ws 5kud to Lite
Director of Finance and Accounting, binc* thie

When the program manager decides to release an system became an operating accounting system.
item to a major command so that it can, for
instance, initiate the procurement of tanks, The Phase I system has proven to be highly

the authorized analyst enters the system and reliable and easy to use. This useability di-
requests release, of the tanks. The system veri- rectly resulted from a careful evaluation of
fies that the congressional authorization has user requirements and from ensuring that the
been entered for the tanks. It verifies that system would simplify the management process
the Defense Department has released the program at each user level. This required that atten-

and that unallocated funds are available. It tion be directed not only to solving the major
verifies that no congressional limitations long-range problems, but also to the highly
exist, and it performs many other checks. These specific needs of each using organization.
automatic controls are the heart of the system
and differentiate it from batch-related manage- Changing policy as well as the method of opera-
ment information systems. tion required a special management effort. Many

f amanagers have been victimized by their own
If all controls are met, the program release well-intended modernization efforts, only to
request is passed through the system to the be overwhelmed by expensive electronic gadgetry
Comptroller of the Army's office, where checks and complex computer outputs. This danger was

i are performed and funds are released by enter- an ever-present concern. The first phase,

ing the approval into the system. After approv- although rushed to successful completion,
al, files are automatically updated, the pointed out the necessity for a carefully
release is immediately provided to the major staged expansion of the system to make certain
commands, and the action is posted to a tape that the highly sophisticated automatic dataIfile. The file is passed through AUTODIN to the processing system would fully accomplish all

Army Finan .e and Accounting Center and the of its objectives when completely implemented.
Logistics System Support Agency, which maintain The need was to concentrate on eoR2le rather
the overall accounting systems and presently than computers or systems, introducing them to
accumulate the financial data with regard to various degrees of modernization one step at a
executing the approved items (such as obliga- time.
tions and disbursements). These interfaces
feed the systems that produce the Army's RESULTS AND THEIR EFFECT
official financial reports.

Simultaneous design, coordination, develop-.... pn receipt of the release (after Phase 11i has ment, and Implementation was and remains a
been implemented), the major command will formidable task. The need for continuous

effect a similar release process through the planning was required just to keep up with
communication terminal at their headquarters. changes and new requirements. The faster the
The approved action is transmitted to the implementation, the greater the potential for
executing agency's comnunication terminal; they a critical oversight; but the analysts,

then have the authority to initiate obligation accountants, and systems people are adapting
and procurement of the item. Financial files well to the rapid rate of change, and have
will be updated through AUTODIN tape, and any made a success of the first phase of the
system user can cheek the exact status of the implementation effort.i l action while it in being processed.

Ernst and Ernst, certified public accountants
IMPLEMENTATION UNIQUE and management consultants, evaluated the

Phase I system. They reccmended expansion of
Many organizations were involved in implement- the approach to other Army appropriations, as
Ing the system; consequently, a unique manage- well as rapid implementation of defined follow-
ment process was required. The project officer on phases. This appraisal was corroborated by

worked simultaneously for the program director the U.S. Army Audit Agency evaluation of the
in developing the program management process; basic system, which concluded that the system
the Comptroller of the Army in establishing the possesses the integrity needed to preclude the

financial management policy and procedures; and Department of the Army-level problems previ-
major commanders in executing agency policy and ously experienced in the Army's procurement
procedures. Also, such factors as management of appropriations.
the contract process, training, implementation
planning, system documentation, system mainte- The lessons which have been learned and are
nance, acceptance testing, parallel testing, being evaluated for wider impact are as
and preparation of GAO submission required follows-
coordination at every level.

-The Army should pattern its new financial
Initial development was accomplished under the system to match its needs xt.,er than be a
Director of Army Budget. When the Army head- slave to continual modificat: lit of existing,
quarters system was implemented in Hay 1977, outdated card-based systems.
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- Card-based systems are not capable of effect-

~Ing internal system control.

7- Any major changes to existing systems should

_ be carefully evaluated prior to expending
_= : resources for modifications that might resiult
: . in limited benefits.

° "Computer functions must be distributed away
. from central sites and out from under the

direct control of ADP centers.

r " Executive-level support throughout the

~development of a new system is ess~ential to
=_ maintaining the initiative and reinforcing the
~organizational comitment to change.

- Cortii.,.,l ormmunication of progress, problems,
and action~s unaer way Is essential to ensure

i user understanding and involvement in the sys-

tem development, implementation, and use. Sys-
tems are developed with people, not for them.

-System tuning after initial implementation
can be as crYitical to long-range success as
any step in the process.

-Contractor support to implement a sy' t.m can

be an excellent tool if strong performance
objectives are established and pursued.

'rnis system approach is the trend the Army is
taking for its financial systems development
in view of new technology and system capabili-
ties. Financial managers must look to the
future, learn to manage the development of new

_ ; systems, and accept the challenges that will
" -- result.
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HOW FAR IS THE GOVERNMENT WILLING TO GO TOWARD REDUCING LIFE CYCLE COST OF MILITARY WEAPON SYSTEMS?

J. F. Drake, Corporate Director, Advanced Program Plans, Hughes Aircraft Company

I. INTRODUCTION II. DEVELOPMENT

The Department of Defense has new opportunities 1. OMB Circular A-109 - the Key
related to the acquisition of avionics equip- Is Flexibility
ment and systems. Solid state devices, digital
micro-electronic circuitry, cryogenic devices,
fiber optics and other technological achieve- OMB Circular A-109 establishes the policy to be

ments available to industry have dramatically followed by executive agencies in the acquisi-
improved the reliability of avionics systems tion of major systems. It is the current end
and promise even more significant advances in point in the evolution of weapons system acqui-
their near term application. sition. It is a process based on mission need

that brings cost and risk into focus through a

j As a result, mission reliability is signifi- series of high visibility reviews conducted at
cantly improved. Current weapons and systems the completion of scheduled periods of activ-

can withstand the packaging, shipping, handling, ity. On the positive side, the process pro-
loading, storage and captive flight environ- vides a method to achieve performance goals,

f ment and still deliver on target using conven- reduce costs and avoid risk. On the negative

tional operating crews. Further technological side, it may increase cost by increasing the
advances can only improve the existing high length of the acquisition cycle, adding more
mission reliability. people to the decision making process, and

increasing the tendency to over control.

These same improvements reduce weight, volume
and power requirements and permit operation With flexibility properly utilized, the acqui-
with reduced and/or no requirement for liquid sition process can improve our defense posture

coolants or hydraulic fluids. These factors and provide a basis for getting more for our
combine with reliability to reduce the mal- dollar. To do so requires that we again evalu-
function rates. Therefore, maintenance is ate the overall process to highlight recommen-
reduced, and it is the driving function which dations that could result in cost Eavings and

establishes the peoples and materials neces- increased readinegs - or at least no readiness

sary to sustain mission success, degradation. Many of these have been empha-
sized before and while some have already been

The combination of improved reliability and implemented, their importance to the overall
decreased maintenance permits concepts of process Justifies further discussion.

operation that offer maximum readiness 
at mini-

mum operating and support (O&S) costs. Thus,
beneficial changes in all phases of the acqui- 2. A Good Contract Requires Extensive

sition process for avionics equipment should be Forthright Communications
achievable, but not without change to existing

government policy and procedures. The changes

will require doing a better job of planning; The key to a successful development program is

breaking with tradition; and halting the growth a specification, work statement, and set of
of and/or reducing the ever increasing govern- contractual terms and conditions established

ment payroll. through extensive face-to-face dialogue between
the contractor and the Service Program Office.

The question really is "how far is the govern- Only through such dialogue can obsolete MIL
ment willing to go in reducing the life cycle specifications and unnecessary requirements be

costs of military weapon systems?" This is a avoided, the most cost effective technology

critical question if we are to maintain a appropriate to each subsystem be selected, a
strong defense posture within the financial full and mutual understanding of the critical
limitations imposed by the President and Con- requirements be established, and the risks to
gress. If the answer is to maximize our be evaluated.
defense capability within the dollars avail-
able, then the theme of this conference, "Work- During the late '60s and early '70s, the Con-
ing Tomorrow's Procurement and Acquisition tract Definition Phase (CDP) was intended to

System Today," is appropriate. Time will be serve this purpose. In many cases it was not
required for the changes that I propose. Some successful, since the dialogue was limited or
are within the authority of various levels of restricted to questions and answers versus

DOD but lack a consensus. Others need Congres- forthright debate.
sional approval. Some may have substantial
political implications. All will add credibil- An example of a successful CDP was the one con-

ity to the advertised DOD policy. ducted on the Maverick program at the AF
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Aeronautical Systems Division. It was success- that the realism of the schedule and costs can
ful primarily because the specification negoti- be evaluated.

~ations were carried out in detail over a period
of about 11 months, and contract negotiations,
over 18 months. I participated as the Hughes 6. Avoid System Level Prototyping
program manager and I can assure you it was an

~enervating experience. Nevertheless, both
parties fully understood the contract at the During Concept Formulation/Demonstration and
conclusion of the CDP, and it was a tough but Validation phases, the contractor should be
fair conL-act. It also resulted in the only required to establish a production prototype

successful major total package procurement pro- desifgn and do such breadboarding and simula-
gram to our knowledge. tions as required to permit the Service to

~truly evaluate his offering. Demonstration and
In contrast, RFPs now reflect a 30 day response Validation should be accomplished at the lowest
time. The contractors generally respond with posb vlz& leval-breadboard, brassboard, subsys-

onl,, minior suggestions, for they find it advan- tem, simulation or system level - that is
tageous to do io from a competitive point of required to validate a new Concept or reduce
view (i.e., Qoit't rock the boat). The need to the'risk of a new technology bei-.- introduced
be responsive to customer stated requirements Into full scale development (FSD) to no accept-
is always present and becomes critical when able level. Flexibility in choice should be
customer communication is lacking or prohibited. mitie.I h nsa vn htass

rtem prototype is required, it should be to the
Improved communications suggest that extensive production prototype design. The adequate

Sface-to-face dialogue between the Service Pro- validation of technology at the proper level
gram Office and the contractor should be encour- can help shorten full scale development and

? aged during competitive Concept Formulation/ reduce costs.

Demonstration and Validation phases. Forth-
!right debate of the issues and trade-afro are 7. Producibility, BIT, and O&S T
~~necessary to make readiness requirements fit Esa.ihdProAt S

| the reality of development and meet the pro-
duction and equipment fielding schedules.

Producibility, built-in-test (BIT), mainte- M
nence and support concepts and tradeoffs

3. Cost/Schedule/Performance Achievable should be thoroughly studied as an integral
with Known Technology part of the design process. BIT should also be

compatible with a reasonable maintenance con-
cept and not specified at such high system or

The level of technology should be clearly thoroughness levels that it dominates the
established, and advanced technology with its design, is technically unachievable, or r ot
attendant risks should only be used when the cost effective. Life cycle cost (LCC) analysisSpayoif warrants. Increased performance die- should be used as an effective tool frr shaping
tnraes, a higher price. program pleas and making product design

decisions.

E 4 o' vrpcf 8. Fit the Design Environment

~to the Equipmen'%

i How-to-design" technical specifications should

be excluded. The end goal is to satisfy mis- The electronic design environmenit (temperature,
sion neads by meeting established operational vibration, shock, access, volume, etc.) should
thresholds. Early int-'rated operational test be more completely defined to permit sound

and evaluation shoulL i established to mutu- engineering for reliability: maintainability
ally satisafy custor "r, ontractor test require- and support. Critical environments such as
ments and demonstrate that the equipment under temperature, vibration, cooling, etc., should
development can be operated, maintained and be measurable when BIT indicates an inflight %7
supported within the sphere of military opera- failure so that the failure environment can be

tions. Joint contractor, Service and OM& simulated att the ground in the event that the
teams cnn frequently satisfy this objective failure is not repeated on an -mbient test
during development without costly delays. bench (20-;0 percent of fil},.-res are not).

- The use of commercial practicest wo . help
~reduce development costs.

9. CERTS or TAAr vprsus MIL 781

5.A.od LnBeoeIS

5.rna a S e God n. Itfore s sIL-ST-781 on reliabi.ity testing by and large
has been a failure for dti reasons: a piiff-A tailored cost/schedule planning and control

specficstion (C/SPCS) should be generated so a the environments are not rensatic, and
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b) the contractor and 
the Service Program 

contingency funds to 
cover unforeseen

Office have a mutual 
interest to pass, 

problems, changes in 
performance, require-

thereby defeating 
the punitive 

nature of 
meats, and 

threat as 
currently 

pr actic ed

the test. by the Army with "TRACE" funding. The

SWork 

at AFFDL 
on Combined 

Environments 
Rel 

ia- figure 
out what 

the dostrod 
system will

bility Testing (CERT), recent emphasis upon actually cost and provide realistic budget
designing for reliability, and the Navy non- information to Congress.
punitive Test, Analyze and Fix test (TAAF)
concept with realistic test environments are This will permit maintenance of program conti-
far more likely to result in reliable hardware nuity thereby minimizing cost and schedule
in the field. ov.rruns.

13. Serv e Program 
Office Stability

10. The Parts Revolution versus

Thc Air Force policy at ASD of integrated,
co-located vertical SPOs including all busi-

The number of electronic part types should, of noess, engineering, logistic and support, and
course, be minimized, but current government operational functions has been highly success-
inventory parts lists of active components ful and should be continued. There should oe
should not be specified since they will be documented guidelines (contracts) between the
overtaken by technology by the time the system Service Program Manager and his management
is in production and o~eration (i.e., FSD with sufficient flexibility that would permit
4-6 years; plus production 4-10 years; plus him to make the day-to-day decisions and valuesupport 10-20 years). However, when appro- Judgments required to maintain the momentum

priete, the use of standard (MIL Spec and and efficient prosecution of the program. The
commercial) non active and perhaps some active Service Program Manager should be professional
parts with proven performance records can in this difficult specialty and retained, as a
avoid development risks and benefit dotnstream minimum, for the duration of the development
logistic considerations, Again, flexibility and initial production phases.
in choice should be provided the designer
through the tradeoff process.

14. Delegation of Authority for
11. A Mature Desie in FSD Development

The Initial Operational Capability (IOC) date Renponsibility for program execution should be
and program plan should be established on the delegated via the contract to the contractor.
basis that permits a mature design to be avail- Reporting should be minimal, consistent with
able at the completion of full scale develop- the Service Program Manager being on top of
ment. It should be noted that the overell the program and able to recognize danger sig-
e-rect of a properly conducted Concept Formu- nals and take timely corrective action.
lation/Demonstration and Validation, as pre- Monthly program reviews that require 25 to 30
viously described, will not delay IOC, but in percent of the contractors' key personnel time
fact result in assuring that IOC will be met. should e forbidden. Major preliminary, crit-

ical, and other specified designi reviews and
The continued use of competition and extensive major milestones are, of course, mandatory.
candid face-to-face contractor/customer dia- Timely decisions on all issues are key to any
logue 

on cost, 
schedule 

and performance 

trade- 

successful 
program. 

Response 
time 

should 
be

offs can provide agreement on performance that spelled out in the contract.
can be accomplished within schedule at an
affordable Life Cycle Cost. With them the
length of the acquisition cycle is shortened
and acquisition costs are reduced. Heraagain, 15. Benefits of 20/20 Hindsight

the Maverick procursment demonstrated a rapid
transition from initiation to operational use
when compared to today's lengthy acquisitions. Since neither the contractor nor the govern-

ment has total insight in establishing the
perfect contract, a meaningful Value Engineer-

12. Minimus Cost Through Realistic ing clause should also be mandatory. The
Budgeting world environment today introduces many uncer-

tainties relative to energy, critical mate-
rials and economic escalation. Reasonable

The government can further asdure shorter pro- terms and cotditions for-any long duration
curement cycles and reduced costs by estab- contract should provide for these
lishing reasonable budgets that provide contingencies.
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III. PRODUCTION and long lead time material are all appropri-
ate in the latter phase of FSD. One can and

should expect lower production support costs
1. Design Maturity in FSD - a Key and-lower production hardware costs.

Factor in LCC j I
!3. Multiyear Options4

Prior discussion focused on the importance of 3
[ properly using the design and development Multiyear options should and can equitably be

process to set the stage for production and negotiated, so that stability in production can
deployment. Considerable emphasis was placed be achieved. Such stability should save from
on the "selective" use of both state-of-the- 10 to 30 percent, depending on how close the
art and advanced technology; upon designing chosen production rate is to optimum.
for reliability, producibility, and the opti-
num support concept prior to full scale devel-
opm;nt to permit acbh.eving a mature system I 4. Continuity Pays Off
design during full scale development. [
With a few exceptions, such maturity has not The point is that the Service and contractor -

I been achieved. The result has been immature managements will be devoting their time to man-
hardware entering production, high change aging a stable program rather than estimating
rates, and the delivery of multiple configura- in a "what if" environment. OPTIMUM AND PRE-
tions of tactical equipment. As a consequence, DICTABLE RATES PAY OFF.
fielded hardware is difficult to maintain and
support. Spares are inadequate, field and Examples:
depot test equipaent requires modification to
retain effectiveiess, and field modification a) 17,000 Maverick missiles in a total package
must be used to Lase the configuration bjrden. program were procured in three options

(doubling the procurement span was esti-
As a result, costs are higher than predicted, mated to increase the cost 30 percent with-
operational readiness is put in jeopardy, pro- out considering escalation).

increases are frequently encountered. b) A program to produce 700 F-18 radars in 4 i
to 5 years is 25 to 30 percent cheaper than

In seeking a solution to the achievement of in 8 to 10 years.
design maturity. DOD evolved the concept of
full-scale system prototyping and eliminated
concurrency to reduce risk. Rowever, the proc- 5. Procurement - Multi-Year Buys for Cost
ess of incremental decision making and multi- and Reliability
layered review has also significantly extended
the acquisition cycle. The longer cycle

results In too little, obsolescent and costly Procurement provides another area to achieveequipment in the field. The effect has been a cost savings with reliability enhancement as an
decrease in readiness due to the doubling and added benefit. Currently the purchase of mili-
tripling the "requirement-to-fielding" times tary grade electronic components is complicated
for new systems and equipment. by several factors:

a) G~overnment quality surveillance of compo-
Based on achieving a well thought out program nent suppliers is poor.
prior to initiation of FSD and the attainment
of a mature design in FSD, a number of changes b) NIL-Spec requirements in conjunction with
can be made In the prod-ction phase to reduce the relatively low volumes involved in most
cost and improve read' is. government contracts are not attractive to

most comronent suppliers.

c) Large com:ercial buys for computers, the
2. Concurrency Is Good automotive industry, television, etc., are

far less stringent in requirements and much
more lucrative.

With a stable design of predictable cost, the What can be done to improve this situation?

acquisiticn can proceed smoothly. Concurrency Let us examine some possibilities based on a
for initial procurement phases during the 1at- mature design1
ter phases of FSD can move forward in a cost
effective manner, avoiding the multiple start a) Multiyear buys (our studies indicate that
up costs of the noncurrent program. Design 30 percent can be saved by buying three
of pyiduction tooling, special test equip-ent years in lieu of one).
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b) Tighten up on the quality control of the continue to lose credibility if steps are not
suppliers - many contractors are going to taken to ieverse the trend.
100 percent incoming inspection with sub-
stantial capital and receiving costs. Several concerns may be caueirg the developers

and the users to resist implementation.
c) Eliminate the requirement for multiple

sources except where the technology or A malor issue to the developer Is the budget.
process is marginal (savings in qualifica- With less dollars available, the program is
tion costs and savings due to higher volume shaped for accomplishment of hardware desibn,
will result). development and test. Early life c cle cost

and logistic activities a ther not included,
d) Combine spare and production component deferred at the first budget crunch, reduced to

buys. meaningless signifTcsance, retained inhouse by
logistic elements of the military technology

e) Where feasible, buy from a single lot and centers, or all of the above.
verify quality through sample test (see b
above). Another issue may be a lack of confidence In

the results of O&S analysis due to conccrn for
f) Where quantity of a component used per sys- either the tools available or the soft engi-

tam is low, buy out for all production plus neering data used for early analysis. Howevei,
spares. the models used have been verified through

proven performance; and analysis is performed
g) The critical part of an active component, incrementally as the data base hardens. Each

such as an IC, is the chip or dice which iteration permits a degree of depth and con-
represents only a few percent of the com- sideration consistent with the decisions
ponent cost. Look at the potential of buy- required for that phase of the program.

ing entire production and spare require-
ments via wafers thus avoiding obsolesence A further concern may be doubt that reliability
and rroviding protection against loss of goals can be achieved. There are three major
the production process. approaches to addressing this problem. First,

new avionics technology is truly reliable and
The effect of such procurement techniques is to promises even greater improvements in the near
savecost, minimizeInfant mortality, and accel- term. Second, current techniques and test con-
erate reliability growth in the field, espe- cepts are yielding higher reliability compo-
cially when combined with modern automated pro- nents and systems with earlier design maturity.
duction, and carefully designed and controlled Third, design failure predictions are derated
screening tests with appropriate environments to derive operational failure predictions
at the module, black box and system level, reflecting both equipment maturity and support

system maturity.

IV. OPERATIOCK AND SUPPORT Still another problem is the military and

economic concern of the user related to Phased

DOD policy says OSS cost is an equal partner Logistic Support, Warranties, Contractor Sup-

With performance and schedule. This is good port, and other departures from traditional

for several reasons. First, there are concepts. It is important to recognize that
policy l o llar s st, the ne without rajor changes in maintenance philosophy
today, less dollars available to buy the new and tables of organization no substantial say-
hardware necessary to satisfy mission needs.d S costs and the long
Second, the continued growth in the cost of tngca be raizc the ono
resources to operate and support the existing teDO g et less thae acisition por-
inventory is consuming the budget. Third, it tio ;of bUget can the mquttionpri
forces the search for possible -cost savings ho is not a nt as aetise r
during new developments. The major goals of however, is not as great as advertised or
this concept are to reduce O&S costs below the feared. Many support alternatives have been

acquisition portion of the budget 
without com- used by the military on a selective 

basis with-

promising mission reliability and military out loss of capability and at reduced costs.
prsn g mOthers are used by commercial organizations

*needs. with increased effectivaneso and less expense.

The DOD approach to achieving these goals at
. the policy level is to manage the Life Cycle Since the tools and knowledge to bridge the gap

Cost (LCC) of the system. With a few excep- between policy and practice exist, they should
tions, however, this approach is not achiev- be implemented. A simple, three-step concep-
Ing the goal of cost/performance/schedule tual approach would be to establish the
Sequality. The result has bean continued empha- requirement; provide the budget; and implement
sis on performance and schedule by the devel- those alternatives that offer cost savings at
opers during the acquisition phase and contin- no decrease in operational effectiveness.
uad raquirments for traditional operations and
support by the usrs. The gap between policy The only practical way to eatablish the
and practice is widening, and the concept will requirement is to have each Request for

39

-A -e - 4L..



Proposal, Statement of Work, and Contract requirements for ILS/LCC programs must be
itinclude positive Integrated Logistic Support clearly defined in early RFPs. The government

(ILS), Life Cycle Cost, and Reliability/ Aeeds to work closely with the contractor dur-
:[Msintainability programs consistent with the iag early phases if the desired cost savings

needs of each program phase. It should start are to be realized.
with the concept Formulation Phase and be rea-
sonably definitized by DSARC 11 prior to start DOD is encouraging the use of technology to
of FSD. "these should be contractor conducted lower Life Cycle Costs, The biggest cost
programs accomplished in conjunction with drivers in the process are reliability, |

hardware design activities. The resulting expressed In mean time between failures, unit
ianalyses should help shape the hardware price, and people. While all three are design

[designs for cost avoidance and ease of mainte- relatable, only the first two can be controlled
nance. ILSiLCC requirements, based on the by the contractor. The third is a function of

design conftguration, should be reviewed in tit crroet oneunl there is a finite

face-to-face encounters with the customer, and iimit to the cost savings available through

agreements reflected in program specifications, technology. Cultural chanizes are required toT
Splans and conciactual documents. There Is a realize full benefit. -

~revolutionary potential for reduction in O&S
Scosta due to: A typical. modern aitbOltle radar usitig the

latest technology exhibits an LI-C distribution
a) the ability to achieve design maturity in of 67 percent for acquisition and 33 percenti development per earlier discussion; ownership as illustrated in Figure 3 using 7

conventional three-level support. Traditional
b) substantial reduction in infant mortality support concepts yield non-recurring costs of

iby new production screens from the comps- 53 percent and recurring support costs of
nent through the system level; 47 percent. Further percentage breakdowns for

~each category show the biggest cost drivers
: c) improved BIT. to be people and spares, with support equip-

~meat also contributing heavily to Initial costs.
-_ In fact the potential exists for eliminating

Intermediate and organic Depot Level Mainte- Combining various AGE and maintenance concepts
heance (i.e.. use factory support). permits studies to be conducted that compare

life cycle logistic support costs for candidate

The key is adequate front end funding for the support concepts. Figure 4 defines a family of

Concept Formulation through Production plus a support alternatives that offers cost savings
firm determ.ination to apply the principles when compared to the conventional three-level

[previously presented. Equivocation will lead maintenance concept.
to the sad results of the past. _

~Principal design decisions include the consid-
The concept of support alternatives requires eratson of a suitcase tester in lieu of

iffclede ptietmntderate og i c luppor earnyded I n c a ly toFsa. the faulnts

(ad) for and Cyale their One liabi within a replaceable unit (and in many cases to

is to graphically put some dmensions on the a single replaceable assembly) and consdera-
discussion. Figure m provides a standard tion of functional partitioning approaches per-
definition for life cycle costs and describes Ditting the removal of replaceable assemblies
a relationship beten cost categories and at the organizational level. t e

progre phases. The areas of interest to thns
discussion are acquisition costs and onershp Asillustrated, a two-level maintenance concept d
costs. Note that phased logistic support bith contractor support at depot level o fferswould occ dutring the span called C intractor 5 tpercent cost savings !e ther onvetional

Support Cost and reqr es overlap to trans- li e co t savings b this magni-

tlon to organic su-pc :. A full. contractor tude available, the gove rnoent must urge the
support program or warranty program aould services to implemen rhe cultural changes
replace organic support or the span shown if necessary, and it should be done rapidly.
either were to be selected as a cont ffective

alternate. th

F V. SUMMARYltsFigure 2 verifies the earlter discussions on
development. Subsyste crnfiguration; are an
frozen prior to Demonstration and Validation; if gcnerelly apleed across DOD procurements

systm and productioi fsaibloty is proven of systuo s .d equipment, the prc iples c hat
yior to rutll icn sc Developmnt; a mature have been pres rited should lead to stgnificant

Io to available Prior to Production. ote gains in Life Cycle Ccet. The pbper epha-
rsies that to seriously impact LCC you must:

Inte.m0dite and~ ora nicept Level ain-CmiigvrosA adaneace ocp

nanc ire.ly affect 30 perpest of the I.C condit-u. h.

Men. After Developmeit., It is possible to c Establish an integrated Service Programdt
affe y ois a percent of the cost. Cons thquently Office th responsibility and authorft to
psvl0

totesdrslsoth at
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1 make timely decisions and the longevity to a "Utilize Bet Economic Buy" in sstabiu.hing

maintain continuity throughout the acquimi- production rates and multiyear procurement
tion process. of components.

o Have extensive forthright communicacions and 9 Maintain reliability in produ.tion and mini-
nexotiat onsbetween the competing contractors mize infant mortality by optimum procure-
and te Customer through theCorcept Formula- ment policies, and environmental test
ticnWfaonstration and Validation Phases to screens appropriate from the components
establish P viable contract for FSD. through the system level.

Establish the realism and risk of the pro- 9 For modern avionic systems designed and
posed concept at the lowest levelof testing, built to the above concepts, establish a
analysis, and simulation of critical subsys- two level O&S concept (i.e., "0" level
tems; a production prototype design; and a remove and replace subsystems; Viece part
detailed program plan prior to PSD. repair by the contractor).

Maximize the use of known technology appro- o Maintain program continuity with concurrency
priate to the application with a dedicated determined by reasonable risk.
plan to achieve a Mature Design In PSD.

These principles support the concepts and
e Adequately fund all phases vith reasonable requirements of OKB Circular A-109 and aessoci-

contingencies for changes in requirements, ated DOD directives. Achievetnt derands sub-
unforeseen problems, etc., via a tealistic stantial changes in Acquisition and Support
independent estivate of the expected cost by Policy by the DOD and Congress, plus dedication
the Service based on past weapon system by the industry to back up their convictions
procurement history. vith performance.

LCC
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LIFE CYCLE COSTING EXPERIMENTS AT THE FEDERAL SUPPLY SERVICE
i Paul Browne, General Services Administration

Peter Unger, ETIP, National Bureau of Standards

ABSTRACT

This paper presents the results of an initial
series of life cycle costing (LCC) procurement
experiments conducted by the General Services
Administration, Federal Supply Service (FSS) in

- cooperation with the National Bureau of Stan-
I darus. Experimental Technology Incentives Pro-

I gram ETIP,) for the dual purpose of qetting
better valio f, the procurement dollar and
encouraqin, piodbct innovation. Air conditioners,
refriqerator-freezers, water heaters, and qas
and electric ranges were the products bought
under the LCC concept. lhes, contracts were
awarded based upon the bid price plus operating
cost estimates. Since these experiments beqan
in 1974 an estimated two million dollars have
been saved in awarding these contracts using
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LIFE CYCLE COST (LCC) TECHNIQUES FOR MAJOR ACQUISITIONS

Jackson D. Denils and Thomas A. Mottinger
Martin Marietta Aerospace

ABSTRACT

This paper presents our experience and results
!I of applying LCC cost analysis techniques on

major system acquisitions. We emphasize prac-
tical application of costing techniques for
decision making early in the life cycle of a
program. Key topics of the paper include:

6- I. Life Cycle Cost Data Base.

a. Data base development methods.

b . Cost estimating relationships;I development and use.

c. Historical cost data sheets; tools
for estimates by analogy.

II. Life Cycle Costing Techniques.

a. Parametric methods of LCC estimates

b. Multiple independent estimate
approach to LCC estimates.

c. LCC cost trade study techniques
that identify lowest program LCC.

III. Results of Application of our Life Cycle
Costing Techniques.

a. This part of the paper presents
examples of costing techniques we have found
useful in cost analysis of recent major system
acquisi tions.

b. LCC profiles that provide the rela-

tive cost significance of major system elements.

c. LCC cost driver lists identify those
few items that capture the majority of the pro-
gram LCC.

d. LCC trade matrix we developed as a
technique to standardize cost results for the
decision making process.

e. Cost sensitivity analysis techniques
we have used for trade studies and decision
making.

f. Lessons we have learned performing
LCC analyses on acquisitions.
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CONTRACTUAL INNOVATIONS IN LIFE CYCLE COST APPLICATION

Captain John M. Barry, USAF Acquisition Logistics Division

INTRODUCTION

Procurezient/acquisition concepts, such as life is che programmable calculator, a portable,
cycle costing and design to cost (LCC/DTC) pro- relatively inexpensive and easy to use device

grean through various stages in the implementa- that can be used in the LCC/DTC process.

tion process. This process starts with the
basic procurement regulation and develops into This paper will focus on the concept of using

specific guidance tailored to the contracting .-- RUmab~e calculators in LCC/DTC as well as

en, Iroument. Then the concept undergoes large actual con .. ztusl experience and benefits

promotional campaigns through professional sym- derived from its applicat.on. Programmable
posiur a"

- c tractor advertisements. In life calculators have achieved a Lvel of sophisti-
cycle c._.- aLd design to cost, these promo- cation which allows comprehensive a-aiysis to

tional campaigns are evidenced by the large be performed on them. LCC/DTC contractual

number of seminars and symposiums devoted to modeling requirements formerly restricted to

the subject. These seminars do fulfill the large scale computers can now be effectively

urgent need of dispersing information to top accomplished with these calculators. The ad-

level management in DOD and industry on LCC/DTC vantage of applying programmable calculators is

but they fall short on meeting the need for that the :ontractor can be given pre-developed

specific practical implementation at the con- or he can develop, with government approval,

traetual level. This level involves the middle LCC/DTC models which require no knowledge of

manager. !ost analyst, and the design eni-ineer. computer/calculator programing. Given these

These individuals actually implement and deter- models anyone - the middle manager, engineers,

mine life cycle costs through their decisions and cost analysts, can apply LCC/DTC with the

and design of equipment. They desperately need same facility required to operate a four-

the proper and simplified tools to apply LCC/ function calculator. This paper will expand

1lTC. Unfortunately, the information given in the discussion on programmable calculators to

most iseminars or, LCC/DTC is either too broad In include a simplified description and provide an

scope, more promotional than practical, or just educational overview of standard Air Force

too tailored to specific companies to be of any LcC/DTC models which are successfully used on

benefit to the design engineer. Furthermore, present contracts and demonstrate the value of

the IACPYLC mtthods being developed or present- programmable calculators in the acquisition

ly used are becoming rigid, paper consuming and process.
cumbersome 'stems which are creating their own
burenv.cxa-i, 3elf-defeating empire. This THE PROGhAITMABLE CALJULATOR
empire is contrary to the LCC/DTC basic purpose AND 1TS APPLICATIONS
which is to motivate these working level indi-
vidua.s to consider life cycle costs in the

development of the system. The problem of Inherent to the concept of a programmable cal-
motivating these individuals to actually consi- culator is a precise definition and a certain
der lIfe cycle costs in their decisions is not level of computation sophistication. Such a

being solved. calculator can be defined as portable instru-
ment which is capable of performing and storing

Experience in LCC/DTC auditing has indicated complex repetitive operations involvig logic

that we are not properly educating the design and branching instr-ctions. These operations

engineers or cost anal, s on the essence of include addressing, branching, variable/opera-

LCC/DC - that is to r ate design/performance tion storage, looping and moduari.ty. All of

parameters to life cy-li costs. Instead, we these features are essential to the ecocopt of

are burdening them with cumbersome LCC/DTC programmable calculators. Calculators which

paperwork, and reporting requirements which exhibit only some of these features are not

detract from their engineering and uost tasks. sdfficient to accomplish the demandijg require-
This additional workload is not only detrimen- ments in Life Cycle Cost/Design to Cost (..C"/

tal to the development of new systems, but also DTC). Even with this description there are
may cause LCC/DTC to die under its own bureau- varying levels of sophistication among program-

cratic paperwork much like the "ilities" suf- mables. The most useful features are those
fered from over-promotion and overemphasis in calculators with "non-volat.Ie" memory. This
the early '70s. Therefore, some tool or proce- memory refers to an electronic or r ,netic
duro must be applied to LCC/DTC in the contrac- device which retains the program and data con- )
tual .rocess which is meaningful to the middle tents even when the calculator is turned off.

manag r, design engineer, and cost analyst The limitations of the electronic non-volatile ,..

which Oulfills the need of LCC/DTC. This tool device is that the memory capacity in restrict-
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ed to the maximum number of programing stepe/ A-re requirements, and design to cost goals.
storage locations the caloulator can acrommo- Therefor, the programble ealCulator can be
date. The magnetic device card whi0,h Jo Anovn l- tp led i vl ' the , 01t ivo r0t %i of bbo th o t"
ed and read into the calculator, is much more development eyole. Next, spooifit Ap&klotittowi
versatile. Separate programs/data can be in the LCC/DTC process will be explored.
stored and retrieved on individual magnetic
cards. This allows the user to build and re- The essence of a good LCC/DTC model should
tain a large library of LCC/DTC programs for relate some design performance parameter to
different applications. These applications cost. Performance parameters are usually sel-
will be exilored in further detail in the fol- ected because operational coats which often
lowing paragraphs, consume from 60%-85% of a systems total LCC,

are dependent on these parameters. Such a
Prior to describing the programmable calculator parameter is reliability. We know that the
LCC/DTC applications, a depiction of the range more reliable a system is, the less maintenance
of functional possibilities is necessary since and spares it will require, thus reflecting
life cycle costing is an interdieciplinary sub- lower operational costs. However, this in-
ject. The manufacturers of programmable calcu- creased reliability is not free - it costs
lators offer predeveloped software programming extra and must be factored into a life cycle
packages in the various functional areas of cost model. The extra reliability cost is
statistics, engineering, business, systems usually determined by front-end or development
analysis/operations research, physical/life models which relate reliability to development
sciences, and many others. The complex pro- and production costs. These development models
grams in these various areas formerly restrict- are usually program unique. However, the oper-
ed their solutions to large scale computers. ational models that determine reliability cost
The advent of programmables allows the computa- differences normally trace their origins to the
tion of such problems such as learning curves, Air Force Logistics Command (AFLC) Logistics
reliability predictions, trend forecasts, and Support Cost (LSC) model or the counterpart
multiple regression analyses in the matter of models in the Navy and Army. Since the LSC
seconds. While it is true that these problems model has been successfully employed on pro-
can be solved with a scientific handheld calcu- grammable calculators in numerous Air Force and
lator, the time and error possibility required some commercial contracts, this model will be
of any task using a progrsmable is greatly described in more depth and demonstrated on the
reduced. Therefore, the programmable remains calculator.

as a desirable and in many cases cheaper alter-
native to the time-consuming handheld calcula- The objective of the AFLC Logistics Support
tor or expensive large scale computer for solv- Cost (LSC) model is to estimate the support
ing a variety of problems in various functional costs that may be incurred by adopting a parti-
specialties. This alternative suggests the cular design for a given weapon system or a
relevance of effectively using these calcula- - piece of equipment. The model is intended for
tors in the system acquisition process. application in source selection and in contrac-

tual design of hardware. In source selection
Opportunities for constructive application of the LSC model is used to obtain an estimate of
the programmable calculator exist through the the differential logistics support costs be-
entire system acquisition process. During the tween the proposed design configurations of two
conceptual phase when detailed data is not or more contractors. During hardware design,
avsilable, parametric model development is es- the model serves an a decision aid when discri-
sential. Parametric equations relate variable minating among design alternatives.
or constant performance or design data to cost
in the LCC process. A simple example of a The LSC model consists of ten equations, each
parametric equation could be the relation of of which represents a component of the total
weight to transportation cost, i.e., transport- cost required to operate the logistics system.
ation cost = $.13 per pound x total weight. These ten components are:
More complex examples such as those relating
some performance parameter like reliability to 1. Initial and replacement line replaceable
cost may involve literally pages of equations unit (LUU) costs. An LRU refers to a component
which can be effectively accomplished on this like a radio, initial guidance system, etc.,
calculator. As cystem development progresses which can be removed, replaced, spared, and
into the validation phase, design to cost maintained as an integral unit.
models can be employed on these calculators
thereby greatly simplifying the amount of 2. On equipment maintenance cost is that cost
effort required at the design engineer's level, attributed to working on an LRU while t is
Further applications are possible when a system still attached to its system. For example,
transitions into the full scale development and the calibration cost of a radio while it is
production phase of system development. Models still installed in the aircraft falls into this
involving learninZ curves, probability distri- category.
butions, and economic order quantities are used
to solve production should cost problems, 3. Off equipment maintenance cost refers to
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the maintenance performed when the LHU is re- TABLE I
moved from the system. For example, alignment
of an Inertial navigation system at an interme- COPA:,iSOoN OF LSC PERFORMANCE ON VARIOUS
diate or depot repair facility is considered COUJTATIONAL DEVICES
such a cost.

4i. Inventory and supply management cont. Average Average Est Input
Computational Steps Time Error

5. Support equipment cost refers to the equip- Device Involved Involved Rate
ment costs required to maintain an LRU. For
example, calibration sets, voltmeters, would be Scientific 1. 3,150 key- 3 hours 65%l
included in this category. Calculator strokes computa-

tion
6. Cost of personnel training and training 2. Documenta-
equipment. tion of

Intermediate
7. Cc:'. of tnagement and technical data. & final

reviews

8. Facilities costs.
Large Scale 1. Input data 3 day 20%2

9. Fuel consumption cost. Computer3  on key- turn-
punch forms around

10. Cost of spare engines.
2. Send to

The first seven equatiore are evaluated for keypunch
each appropriate LRU and the results are col-
lected over all subsystems. To arrive at a Programmable 1. 20 key- 15%
logistics support cost for the total system, Calculator strokes
the last three equations are added. Although
this model was originally developed for air- 2. Paste out-
craft systems, it has been adapted to space and put on pre-
minsile systems by eliminating equations 9 and printed .
i0. form

The running of the LSC model requires some 60
v-.iable inputs and the computation of approx- 1. Error rate due to incorrept keystroke input.
imately ten pages of sophisticated equations.
Tht model could be performed on a handheld 2. Error rate due to a combination of incorrect
sciertific calculator, a large scale computer entry on keypunch form and keypunch operator
or a pr,,rmmable calculator. The performance error.
of tte model on a -cientific calculator would

take about three hours for one problem. The 3. Refers to off-line computer operation.
rode3 turnaround time on a large scale computer
sometimes is iot any better because there are
computer del,.ys related to computer downtime, The analysis of the error rates in Table I
keypunchirg, and facility location. Therefore, illuminate some of the complexities in using
both the scientific Calculator and computer these computational devices. If an error 4s

tend to drive up the commodity we are most introduced in performing LS;C on the scientific
interested in making more efficient - engineer- calculator, the entire procedure has to be re-
ing labor on development contracts. However, peated with a time loss of 3 hours in one case
the programmable cr." ",lator avoids all these and a delay of 3 days in another. The three-
pitfalls by provi g the design engineer wir. day turnaround can then be related into a seche-
a personal tool -hi.' he can perform and record dule loss anA increase contractual costs. Even
LCC/DTC requirements. A demonstration of the through the error rate on the programmable cal-
speed and accuracy using the LSC model on a culator is not much lower than on the computer,
programmable compared against the other two the mistake In rectified in 2 minutes versus 3
computational methods will indicate the value days. Therefore, reduced time and increased
of this calculator in the LCC/DTC process. The convenience and availability can be an impor-
comparison 'at presented in Table I is based tant factor in the programmable calculator's
on actual uuditu performed. contribution to productivity and cost reduc-

tion. These decreased costs hav,, been realized
on some present contra, .. For example, one
contractor demonstrated a net c 't avoidance of
$158,000 through the use of prograrmables on
LCC/DTC tasks. In addition, there are some
attractive qualitative improvements to the LCC/
DTC process that this calculator has introduced.
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The qualitative improvements realized from pro- SU4ARYt grammable calculator application have enhanced
the LCC/DTC performance. These improvements
include increased integrity, acceptance, The concept, applications, experience and bene-
analyst motivation, streamlined documentation, fits of programmable calculators to the LCC/DTC
and LCC being worked at the design engineer processhave been explored. This paper examined
level. LCC audits indicate that prior to the some of the possible uses that this versatile

use of programmables, some design engineers tool has in LCC/DTC. The list of contributions
actually developed their own simplified formu- to the contracting arena was equally impres-
las that could be computed on a handheld scien- sive, especially in the area of cost avoidance,

tific calculator rather than use the more time- increased productivity and motivation. The
consuming large scale computer. These engi- current applications of the programmables are

neers reverted to using the scientific calcula- not intended to make the design engineer or

tor because it was more convenient and produced cost analyst a programmer, but to provide this

faster results. This situation not only com- person with a preprogrammed tool that can be
promised the integrity of LCC/DTC performance, used in making designs which will reflect a
but frequently produced incorrect results. The decrease in life cycle costs. As long as this
programmable provided these design engineers o'iJective is pursued, the programmable calcu-

with a greater and more acceptable capability lator will continue making significant contri-

because it provided the same availability and butions in life cycle cost and design to cost.

portability as their own scientific calculator. Finally, this calculator is not presented as

This improvement not only increased the engi- a panacea to all engineering analyses required,

neer's motivation to perform LCC/DTC but also but as a tool that has the potential to

reduced the documentation from several inches increase LCC/DTC productivity and reduce costs
of computer paper to two simplified input/out- on development and production contracts.

put sheets. The most spectacular benefit
achieved has been that design trades are now

being accomplished at the design engineer work-
ing level. Formerly these trades were rele-
gated to either some computational or the
finance department. These two departments are
so far removed from the design engineering pro-
cess in both function and motives that they are
irrelevant to LCC/DTC. These qualitative im-
provements are yet another indication of the
value of the programmable in LCC/DTC.

Several other models other than the AFLC LSC
model have been applied to programmables on
contracts with similar success. They include
the optimum level repair analysis, economic
analysis models, the National Aeronautics and
Astronautics Cost per Flight for commercial
users model, and scores of others. A descrip-
tion of the AFLC Logistics Support Cost Model
was introduced to indicate the complexity and
advantages of programmables. These additional
models noted are equally complex and lend them-
selves to adaptation with this calculator. The
power of this calculator is only constrained by
the ability of the programmer. Large programs
which exceed the memory of the calculator can

be executed by dividing the problem into man-
ageable pieces or subroutines and placed on
magnetic cards. However, the programmer must
keep in mind the user and simplify both operat-

ing procedures and execution time. The pro-
grammable is not applicab3e to massive data
base problems. It is intended to be a valuable

supplement, but not a replacement to the com-
puter. The applications presented are only an
indication of the power and advantages of the
programmable.
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STRATEGIC IMPLICATIONS OF THE EXPERIENCE CURVE EFFECT
FOR AVIONICS ACQUISITIONS BY THE DEPARTMENT OF DEFENSE

Lt Col William F. Cheney, IV, Aeronautical Systems Division,
Air Force Systems Command, United States Air Force

INTRODUCTION RESEARCH METHODOLOGY

This paper summarizes the author's doctoral Based on a review of the literature xelevant
research into the applicability and strategic to experience curve theory, and on the author's
implications of the experience curve effect avionics acquisition experience, a set of seven
for avionics acquisitions by the Department of related issues which warranted further research
Defense [3). Experience curve theory seeks o was identified. These issues are:
explain product cost-quantity (or price-
quantity) relationships in terms similar to 1. How do experience curves differ from tradi-
those of learning curve theory, but recogniz- tional learning curves in the Government pro-
ing the influences of such managerially con- curemeut environment?
trollable factors as investment, specialization
and scale. This theory has far-reaching stra- 2. How are the forms of experience curves
tegic implications for many aspects of business affected by alternative techniques for compen-
with the most significant centering on the sating for the effects of inflation?
dependence of profitability on market share.
Department of Defense procurement agencies can 3. How are the forms of experience curves
improve their own strategic decisions by rec- affected by implicit prior experience on
ognizing and considering the implications of closely related products?
the experience curve effect for aerospace
industry firms. 4. How are the forms of experience curves

related to production lot sizes, product de-
The Defense Department has supported numerous livery rates, delivery lead times, and the dur-
studies of learning curve theory, mainly in ation of breaks between production runs?
the context of the airframe and aircraft indus-
tries. However, no research has yet been docu- 5. How stable are experience curve slopes
mented with respect to the applicability or over successive procurements?
significance of experience curve theory (as
distinguished from learning theory) for either 6. How consistent are experience curve slopes
buyers or sellers in the relatively unique within and across firms?

environment of the military market place.
7. How accurately can future procurement

Department of Defense procurements impose very pricing be predicted using experience curve
extensive Government regulations on contract- theory?
ors, and the few-sellers, very-few-buyers
(oligopolistic, oligopsonistic) defense market These issues were investigated in the context
place differs markedly from the strongly com- of 361 selected Department of Defense avionics
petitive consumer and industrial markets equipment procurements made from 1960 through
examined in the light of experience curve 1976, representing 20 equipment items and 13
theory by The Boston Consulting Group [2] and contractors.
by Woolley [6]. For instance, defense procure-
ments are usually made only in annual incre- The non-random selection of the data base con-
ments, authorized and funded at the discretion tent limited the utility of statistical tests,
of Congress. The uncertainty thus surrounding and transformation to logarithmic formulation
future orders is a severe disincentive to capi- distorted the usual interpretation of such
tal investment, resulting in less than optimal established indicators as the Coefficient of
efficiency and productivity. Productivity Determination (R

2
) and F-tests. In spite of

enhancement is further handicapped by the par- these limitations, selective use was made of
ticularly rapid onset of obsolescence, unfor- F-tests of 2explanatory significance, R

2 
and

tunately characteristic of the high technology Adjusted R values, and Standard Error of Esti-
products required by the defense community. mate (SEE) values in comparing alternative
Long lead-times between major project start-up models. Examination of regresson residuals
and completion are the rule, not the exception. played an important role in determining the
Non-standard designs are comon, and the con- applicability of models, particularly with -

tractor's technical risks are multiplied by respect to Issue 5. Other statistical tests of
Government intervention in both product and relationships, such as t-tests and chi-square
process design charges. Urgency often dictates tests, were also used extensively. Bivariate
unusually demanding delivery schedule@, and multivariate regrtision were the main
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analytical techniques used. B2 through B6 - Modulation Effect Expo-[ The models and variables used are summarized
here. The classical (or traditional) power C Implicit Prior Experience Quantity

form model of learning or experience attribu-
ted to Wright [7] -, Cumulative Quantity

YA Bo X X - Quantity Bought

and its logarithmic transformation X 3 - Maximum Delivery Rate

In Y A In B + B In X1  X Production Break Duration

were used most extensively (Issues 1, 2, 5, 6, X5 - Delivery Lead Time
and 7). The modified power form model of

lea-,Ilng attributed to Crawford [I1 X6 - tveeage Delivery Rate

B1 I
and its logarithmic transformation

t InY nB 0  Issue 1. Analysis of the performance of
were used only .- conjunction with the analysis defensa avionics contractors indicates that

of Issue 1. A var!ant of the classical power price u-.:lly follows costs in the Government
form model and of tie Stanford-B equation (5] market place as it does in consumer and indus-

trial markets, although with experience curve

f Y - B (X + C)
B1  slopes typically of 85% to 95%, rather than the

tA 0 170% to 802 observed in those latter markets.

aanThis relatively gradual rate of experience~and its logarithmic transformation i
trealization appears to be due both to the ex-

In A In 8 + B In (X + C) tent of Government interventions and controls,
0 and to the concern of Government decision- ,

were sinilarly used only in one analysis, that makers for maintaining flexibility at the ex-
of Issue 3. pense of productivity. For individual con-

tractors, moderately significant predictive

A multiplicative variant of the classical power relationships were found to re!tte price expe-

fcrm model (similar in form to Levenson'r model rience slope to learning sloper for direct
-[41) labor costs, purchased material costs, and

total manufacturing costs. However, no sig-

X XB2 X3 XB4 XB5 XB6 nificant relationships were identified at the
A o 1 2 3 4 5 6 sub-industry composite level, suggesting that

and Its logarithmic transformation price predictions based solely on industry
average cost slopes are predestined to be

li YA - In B° + B In X + B In X + Inaccurate. In most instances, the best sta-
A 0 1 1 B2 in +tistical fits of data to theory resulted when

cumulative average experience curves were
B In X + B4 In X + B5 In X + 6 In X6 fitted to price data.

were introduced and used for the investigation Issue 2. The performance of the three alter-
of Issues 4 and 7. (This model is conaidered native deflators analyzed was generally quite
to have particular mer' for future extensionq similar, in terms of visible effects on the
to other data bases.N shape of graphically displayed data. Ignoring

inflation was f-und to result in relatively
The variables in the preceding equations are flat slopes with pronounced perturbations;
defined as follows: Grogs National Product (GNP), Federal Purchases

of Goods and Services (FPGS), and Avionics
YA Cumulative Average Unit Price (Gr Vrocurement (AVPR) deflators yielded increas-
A Cost) Ingly steeper slopes for the same underlying

data, with fewer perturbations. This ordering

YO . Unit Price (or Coat) of the deflatorc in terms of slope steepness
was found to be statistically significant,

- Imputed First Unit Price (or Cost) with the least diatinctio, between the two
closely tailored deflators (FPGS - AVPR).

Leorning or Experience Slope Expo- Based on the relative importance attached to
nent various performance measures (e.g. , slope

steepness, explanation of variance), any one of
the three dcflatnrs may be slightly preferred
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relative to the others for a particular analy- Issue 5. Slope change patterns were identi-

sis; only the alternative of ignoring inflation fled and evaluated in 15 of the 32 procurement
is consistently dominated. sequences investigated. The cosmonest pattern

(6 instances) involved only one break point,
Issue 3. Introduction into the traditional with an initial nearly level or gradually de-
learning model of a positive shift factor, clining slope followed by a relatively steeper
commonly thought to represent an implicit decline; this pattern is consistent with tle
prior experience quantity, resulted in improved experience curve effect implication that price
statistical fits in half of the procurement se- should initially be set near costs, then de-
quences investigated. In ten instances, the creased with costs (once a satisfactory profit
prior experience interpretation seemed reason- margin Is realized) to inhibit market entry by
able. However, in six instances shift factors competitors. The second cormmonet. pattern (5
of 10,000 or more suggested the need for an instances) involved two break points, with an
alternative interpretation. In each of these initially declining slope followed by a rising
six instances, continuing or threatened compe- slope, followed finally by another decline.
tition was a relevant factor which could have This pattern suggests that contractors encouin-
served as the impetus for the observed sudden tered problems leading to higher than planned
and sharp break in the established pricing costs, overcame them, and continued to realize
trend. Establishment of a causal relationship experience gains. An alternatihe view would
was beyond the scope of the present research, explain this as a pattern of buy-in (priceSince the coordinate transformation approach below cost) until the market is assured, in- I'

does not consider such experience factors as crease price to a profitable level, then reduce
investment, specialization, or scale, it does price with costs to reduce the risk of compet-

not add to the explanatoryor predictive power itive entries. Breaking each of these 15 pro-
of experience theory (even though statistically curement sequences into two or three log-linear
better fits can result from shift factor intro- segments resulted in statistically significant
duction). Further pursuit of tbis coordinate improvements in the fit of the models to the
transformation technique does not seem worth- data; the most notable improvement was in the
while; other models and additional variables reduction of standard error of estimate magni-
need to be considered if prior experionce is to tudes. The mean last log-linear segment re-
be explicitly recognized. gression slope for the nine procurement sequen-

ces demonstrating experience gains for that
Issue 4. Five production parameters were pro- segment was 87.5%; this was substantially
posed as implicitly recognizing the experience steeper than the 93.8% mean value of the over-
factors of investment, specialization, and all regression slopes for these same nine
scale. In multivariate regressions, the effects sequences. This pronounced differential sug-
of each of these five postulated production gests that overall regression slopes may often
parameters were found to be beneficial in in- be unduly conservative (i.e., too flat, thus
creasing explained variance and reducing the overestimating prices), but also provides warn-
standard error of estimate in from five to ing that projections based on piecewise log-
eight different procurement sequences (of the linear regressions may be seriously understated
twelve analyzed). In no case did a variable if some unrecognized factors disrupt the seg-
drop out of the regressions once introduced, meat trend.
and in no case did the sign of a coefficient
change as additional variables were introduced. Issue 6. Regression slopes were found to be
Cumulative Quantity (the traditional indepen- highly variable both within and across firms.
dent variable in learning or experience theory) These findings strongly suggest the desira-
was invariably the most significant contributor bility of making multiple projections, using a
to the explanation of price shifts. Production range of potential slope values, when planning
Break Duration, Delivery Lead Time, and Maximum for new product introduction or for resumption
Delivery Rate were found to be the most signi- of production following a major disruption
ficant modulating parameters, with no clearcut (e.g., extended break, facility relocation,
order of preference amongst them. Average product or process redesign). Since slopes
Delivery Rate and Quantity Bought were also were not found to be consistent even within
important. A surprising finding was that the firms, let alone across firms, arbitrary reli-
apparent effect of extended Production Break ance on any one slope value for forecasting
Durations was usually to reduce, rather than purposes, whether believed representative of
increase, price. Competitive pressures cannot the product line, the firm, or the industry,
be credited, since continuing or threatened should be avoided. Development of forecasting
competition was not a factor in any of these models which expressly recognize relative
Instances. Two possible explanations would be product complexity and a contractor'9 overall
that continuing production of similar products experience level should offer opportunities
during these production breaks could have for improvements relative to the current tradl-
sustained beneficial experience trends, or that tional models, reducing dependence on learning
contractors may have used the breaks construc- slope identification and prediction.
tively to implement other cost reductions. _

Issue 7. For the twelve avionics data subflIes
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analyzed, the predictive abilities of all four industrial markets. This fact may be attrib-
methods tested were surprisingly good (i.e., uted in part to the extent of intervention by

deviation values were less than 5%). The re- the Government customer in decisions which, in

suits avhieved with the last log-linear segment other markets, would be within the purview of
methods were found to be more statistically the producer. Additionally, it is due in part

significant than those achieved with overall to unique aspects of the defense market place

regression methods, testing on percentage-based which affect producer risks, reduce incentives,

performance comparisons. The production para- and inhibit productivity gains. These explana-

meter overall regression method was signifi- tions provide the framework for further recom-

cantly better than the traditional overall re- mendations. Emphasizing buyer-seller interac-

gresslon method only in projecting prices for tions, these complementary recommendations will

the second buy beyond the range of the model be structured around four core ideas: Govern-

data; the last log-linear segment production ment Intervention, Producer Risks, Producer

parameter regression model was never demon- Tncentives, and Productivity Inhibitors.

trted to be significantly better than the

lagr log-linear segment traditional regression With afocus on business strategy, consider

"odel. -. " tIgh dollar-based measu:es (not first the idea of price and rompetitive inter-
mmenable tv staisltical tests) appeared to action. Experience theury holds that market

favor it as the best of the four methods. Sig- instability develops when price does ,ot follow

nificance tests not withstanding, in view of cost. In openly competitive markets, insta-

the seemingly good performance of the produc- bility leads to a price braak, followed by a

Lon parameter models in reducing standard :hakeout of margiual producers until price
t error of estimate values, and as indicated by again stabilizes near cost, resulting in lower

dollar measures, these models warrant further jrices f-r customers and reduced profit margins
hweatigatinn and refinement, for the surviving firm. in the military market

place, similar patterns occur when there is
open competition, but open competition is rarely

PROCUR244T RECOMMENDATIONS maintained. Usually, once a firm wins an ini-
tial competition for a new military avionics
product, it can expect to receive follow-on

This concluding section provides recommenda- orders for added quantities in future years,
tions for both buyers and sellers in the de- provided technical performance is adequate and

fense -arket place. These recommendations are price does not increase more than is J-stifi-

based mainly on the two major findings in the able as being due to inflaticn. Given the
present research: 1) Experience curve theory nature of Government contracts and the limita-

is applicable to Government procurements, but tions imposed on profits, compe'ition provides

2) The rate of realization of experience is contractors with the only real incentive to

less than In consumer and industrial product reduce costs and thus prices. In the absence
markets. Pecomcendations deriving from the of product standardization (i.e., form, fit,
first major finding are presented from the and function standards), there can be little

persective of interpretation of general busi- meaningful continuing competition, and premii

nens strategy implications. Recommendations prices are paid to a sole source. While this

deriving from the second major finding are pattern of action can sometimes result in mini-

presented from the perspective of implications mum life cycle costs to the Government, it
for bier-sel ler interactions. Each of these should not be accepted automatically as the

perspectives will be further Introduced before normal way of doing business. Future designs

4 proceei6ng with the actual recommendations, for common avionics equipment should be re-
quired to meet form, fit, and function stand-

The present research bns confirmed that price ards. This would permit effective production

usUlly follows coat (i.e., total manufacturing competition, when warranted, and would alsc

cost) even in the uni' environment of the simplify future equipment retrofits. Further,
defense market place consequently, it is .1ven without competition, increased standardi-

apprnpriante to Intf -n t the general business zation is condunive to greater productivity.

strategy implications of the experience curve Sellers (particularly those seeking sole source

effect in the context of military procurement. contracts) should concentrate on demonstrating
Rero'mendations relating to business strategy their ability to reduce costs and willingness

will be preuented gronped around five core to reduce prices even 'In the absence of coma-
ideas: Price and Cowpetitive Interaction, petition.

Technology and Harket Share, Product Growth
Rate, New Product Introduction, and Procure- With respect to technology, investment in
n.-nt Planning and Negotiations. research and development provides a competitive

edge to firms competing It .. ,ni- ner and indus-
Consideration of buyer-aeller interactions trial markets. Although the Cover ant funds

offe-s a nore useful perspective for the re- much military research and development, firms

m[lr.ng recotrnendations, based on the fi,:ding competing for military business should like-
that exp,,,ienee realization is nore gradual in wise seek a competitive edge by investing their
tho efeAo market place than In consumer and on resources, both in anticipatory pre-proposa
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work and in more formalized independent research not unduly restrict industrial flexibility and

and development. Greater emphasis should be innovative capability. Experience curve based
placed by both Government and industry on up- price projections can also be of particular
grading and improving process technology, since value in preparing for negotiations for follow-
productivity enhancement is largely dependent on procurements of established products. While
on increasingly efficient production processes. being generally guided by such projections.
With respect to market share, defense industry both Governmenc and industry negotiators will
firms should capitalize on sole source oppor- also need to be completely familiar with fac-
tunities. but recognize that a demonstrated tors influencing experience realization, pro-I -
willingness to reduce costs even in the absence viding a basis for negotiation of variances

of competition will carry political weight in- from price projections. (Thib is not advocat-
fluencing future sole source awards. Ing conducting negotiations based solely on

price projections, but rather introducing such
Experience curve theory for consumer and indus- consIderations as an added dimension to nego-
trial products advocates capturing the growth tiations.)

in markets, rather than attempting to displace
the market share of established producers. For Shifting now to a focus on buyer-seller inter-
defense industry firms, this is most easily actions, consider first Government interven-
done by becoming established as the initial (if tl)ns in production contracts. The. extent of

possible, sole source) producer. However, Government intervention in contractor detisions
there are also profit opportunities for capable appears to be partly responsible for the rela-
producers who are not initial producers. The tively gradual rate of experience realization
Government sometimes seeks to develop alterna- in military procurements. Productivity should
tive sources for critical products to maintain increase if Interventions are reduced; over-
flexibility, rather that- to obtain immediate control is counterproductive. For instance,

prire competition. Production oriented firms designs should be required to meet form, fit,
in particular should seek out such second and function standards, with the contractor

source opportunities, concentrating on adding being free to make changes to improve produci-
to their assortment those products which are bility (provided the standards are still met).
compatible with already developed and es'ab- Form, fit, and functional capabilities should
lished process technology. The combination of not be changed once production specifications

process compatibility end initial lack of em- have been agreed upon, except for cases of
phasis on price should allow them to overcome overriding military urgency (e.g., "nice-to-
the experience advantage of the original source have" but non-essential features should not be
and prepare for future price-based competi- added). Producers can help themselves as well
tions, as the Government by identifying areas in

which reduced Government intervention could

New products are introduced in the military increase productivity.
market place for a variety of reasons: pri-
marily to meet operational needs, but also to Producer risks are also unique in the defense
increase flexibility and to maintain innovative market place. Through funding most research
capabilities. For the Government to realize and development, providing or paying for spe-
greater productivity gains, standardization cialized tools end test equipment, and in some
should be increased, and design changes and new cases providing plant facilities for contractor

product introductions should be reduced. De- use, the Government seeks to minimize some of
fense industry firms should become thoroughly the risks to which contractors are subjected.
familiar with life cycle cost methodology (to However, other risks remain, most notably due
include the use of price experience curves in to market uncertainties. Orders are placed at

projecting future prices), and should place irregular intervals, and for varying and often

increased emphasis on the expected life cycle unpredictable quantities. Due to changing

cost advantages of proposed new products which military priorities and close Congressional

they are marketing. control of funds, there is often uncertainty
even as to whether or not there will be a next

Perhaps the greatest opportunity for the Gov- order. Uncertainties such as these confound a
ernment to capitalize on experience curve contractor's efforts to build, train, and
theory lies in ie area of procurement planning maintain a stable, experienced work force.
and negotiations. Prior to the initial pro- They also serve as a disincentive to invest-

duction of new products, life cycle cost esti- ments in process improvements, resulting in
mates should be developed (using experience lost opportunities for gains in experience.
curve theory to forecast future acquisition Extended multiple-year production plans, bear-

prices) for such alternative procurement ap- ing tentative Congressional approval when

proaches as no competition, competition for appropriate, should be shared with prospective
initial production only, and continuing com- contractors. Delivery schedules should be de-
petition (i.e., aintaining at least two veloped in cooperation with producers to mini-
sources). The approach whiih minimizes the mize workforce turbulence. Producers can

expected life cycle cost to the Government again help themselves by identifying the risks
should then he implemented, provided it does and uncertainties which are of greatest
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concern to them. (4] Large, Joseph P.; Karl Hoffnayer; &
Frank Kontrovich. Production Rate and

Incentives should be provided to encourage con- Production Cost. Santa Monica, CA:
tractors to manage efficiencly, with emphasis RAND Corp., DEC 1974. R-1609-PASE.
on achievable rewards, ntt just on penalties. AD A00907.
Reduced Government intervention will mean
.reecer responsibilities for producers, which [5] Requero, Miguel Angel. An Economic
ishould be recognized in the incentive struc- Study of the Military Airframe Industr.
ture. Both the Government and producers Wright-Patterson Air Force Base, Ohio:
should ensure that all personnel who couli Air Material Comr*and (now Air Force
reasonably be expected to influence the dis- Logistics Command), OCT 1957.
tribution of incentives are at least aware of
the incentive structure. In particular, they [6] Woolley, Kenneth Musser. Experience
rhould understand the ways in which they, as ' urves and Their Use in Planning.
Indiv *ia!, can affect the distribution of Stani .7 Stanford University, May 1972.
IncenL1 -. (The experience effect dues not PHD Dissertation.
guarantee r'- nductivity gains will be
realized. Productivity enhancL.eets will only [7] Wright, T.P. "Factors Affect L.ng the Cost
result when individuals have the incentive, as of Airplanes," Journal of the Aeonauti-
well as the ability and opportunity, to make cal Sciences, Vol. 3, FEB 1936.
them happen.)

Finally, the catch-all category of productiv-
ity inhibitors deserves further attention.
Several have already been identified, including
excessive Government interventions, market
uncertainties, and lack of real incentive:. As
observed in the present research, various pro-
ductit-n perametera also affect costs and thus
pri ce. Productivity will benefit from improved
(tvi1- ) teccunIcations between producers and

the overnnenr, especially during the develop-
m ent )f production plans. Opportunities for
produtivity increases abound, but aggressive
rvnagerent is needed to convert the opportuni-
ties Into realized productivity gains.

The expt-rience curve effect provides a power-
ful too) for use by both Government and indus.-
try In a variety of applications. It can help
c)ntracbors Increase profits, and at the same
tine help Government procurement decision
takers in maximizing the return on their expen-
ditures of tapayers' dollars. While it is no
panacea. It Is will worth understanding and
ippl tng.
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A NEW COST PREDICTION METHODOLOGY -~THE MATURE INDUSTRY APPROACH

Dr. Joleroy Gauger, Boeing Aerospace Company

INTRODI"°':ON Figure 2 is an example of the variety of cost

Amodels developed within Boeing and illustrates
A types of models within program cost categories.

Design-to-Cost and Life-Cycle-CoaL rcquire- Simulation is the imitative representation of
ments on new DoD programs have forced both the the functioning of a system or process by
customer and the contractor to develop a means of another system; e.g., the computer
better understanding of when and where costs simulation of a design or manufacturing pro-
are incurred, cess; or, at other levels within the cost

model heirarchy, the simulation of a company,
Cost commitment and spending, however, do not customer, program or economic system.
occur simultaneously. Figure 1 compares the
com itment and expenditure of funds for any
prog:am. Note that while the majority of life-
cycle-costs have been committed by the end of C oIA.
the conceptual phase of a program, only a small A " V MS,,

portion of the expenditures have occurred . 0 R - AM. , Ac% . ., ^€kV

r oj e VMS Slt
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* f 1 ~z- _ igure 2 -A Hierarchy of Cost Models

Within Boeing, we have constructed cost pre-
Figure 1I Cost Commitmnt. by diction models for:

Progrim rhase
1 ) Software dssign/developmlnt
2) Structural fabrication

The fact chAt :he greatest cost leverage in a 3) Structural asaembly
program exists at precisely that time when the 4) Aircraft acquisition prograi5

I least is known about potential costs forces 5) USA? aircraft O&S

the development of parametric cost models.

and others.

COST MODELING TECHNIQUES Specifically, the others include a new cost

prediction approach which arose out of the
necessity to predict the production costs o f

Cost modesc are of two dist:,,t types: the Solar Power Satellite.

1) Parametric modelG which utilize variables
(parameters) which have been determined THE SOLAR POWER SATELLITE CONCEPT
as xnalytically related to costs

2) Accounting models which utilize a multi- The Solar Power Satellite concept is an
rude of .mpact partmeters which are the approach toward solution of the nation's

cost ineurriung eleuents of the program energy problems which would utilize that non-
and ere relatible in ujanhours, material depletable energy source one astronomical -init
dollars, tooling dollars, etc. away.
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Allow me to describe brief)-, the concept
illustrated in Figure 3.

SMrPower Satellite
;*uELD 0Y THE bUN'S RAYS

rr

Figure 3 -Solar Power Satellite Concept

A~ urit Of the Solar Power Satellite power ays- 3) The microwave transmitting array -2

tems would cons'st of the satellite in geo- sets of about 100,000 klystrons each.
-,vrnchro)nous orbir intercepting the solar radi-
ation, convertin3 that to electrical energy 4) 1Ite solar cell array - about 15 billion J
anti then converting the low level electrical & lar cells.

Sr tergy to microwaves which would then be trans-
Trdrted to receiving stations on earth. 5) The power delivered - 10 gigawatts-

about 8 times the size of P typical
Two receiving stations per satellite would nuclear power station.
receive the microwaves and convert the micro-

wave energy to elect al power compatible 6) The receiving arrays - about 10 kilo- 1
wich existing trsn, ;Ion and distribution meters in diameter.

The top work breakdown structure for the SPS
The overall efficiency irom solar power inter- program is as indicated in Figure 4. The3
cepted to electrical power delivered to the total program sums from the three blocks at
grid will be r,.; 6 percent. level 2:

A f'n4 details now to illustrate the size of 1) The solar power system which consists
the qytm of the satellite and ground receiverd

1) The size of the satellite - about 100 2) The transportation syntems consisting
square kilometers. of several blocks at the ne.... level

7 The mAas" About 100,000 metric tos 3) The space support and space construction

flyzt ems . ~
(WO



the loss of finished monocrystal silicon

during slicing, the power consumed in an in-

efficient process and the loss and waste of

material and manpower.

Can problems like this be cured?

The answer is yes - however, it takes time
L and resources to do that job. The "mature"

primary metals industries have solved similarT.-_ &problems in the past.

The market line for the primary metals indus-
tries relates the volume of metal produced
to the total revenue for the industry. Fig-
itre 5 is a representation of the market for

primary metals. The ordinate is expressed !.n
terms of pounds/year moved through the indus-

Figure 4 - Solar Power Program try. The abscissa is dollar volume for the

Top Level WBS industry (dollars/year).

COST PREDICTION PROBLEMS 5',

We are describing a system which will deliver

10 gigawatta of power at a unit cost approach- ,, - -

ing 20 billion dollars for: ."
U NOMMVIAL *

1) The satellite 
@

2) its assembly in space ,

3) The transportation costs to orbit ,, .
4) The ground receiver station costs.

What are the types of cost prediction prob- [ /m M

lams? .'i

1) Solar Cell Production Cost. The ' 10 no U' 4 ' n o 51 "a is 1g,

present production rate is under 2000
square meters per year. At the peak
of the SPS planned scenario, the solar
cell requirements would exceed 100 Figure 5 - Mature Industry (Metal, Ores)

square kilometers of cells/satellite.
Normally used extrapolation techniques
(learning curves) are just not appli- Each point summarizes available data on the
cable. production and total revenue associated with,

for instance, steel, beryllium, copper. etc.

2) High Production Rate Requirements. The Twenty 6ight separate primary metals indus-

development of a technique to carry one tries are represented here.
from existing production rates of 1-10/

-' year for some items to the probable The equation for metals is V - AX+B
SPS requirements of 100,000 or so per
year. Where V is volume in pounds/year

and X is revenue in dollars/year

SOLAR CELL COST PREDICTION The correlation coefficient, R
2 
- 0.89, indi-

cates that the data are an ecellent fit and
suggests that "mature" industries involved in

Let's attack the problem of cost prediction for producing primary metals ev6lve along a

a solar cell market a hundred thousand times market line which can be represented analy-

greater than the present market. The basic tically.
ingredient of a solar cell is monocrystal
silicon - an element, essentially a basic metaL Are solar cells any different?

The costs for coils at present are driven by No, they are not. Therefore, 100 square kilo- -

the types of manufacturing processes used, meters of solar cells will require - 40,000
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tons of finished monocryatal silicon which By the thousandth unit, most of the non-
will be produced foi - 100 million dollars productive elements under that improvement
by a nature industry. If a value-added factor curve have been eliminated and the industry
of 20 takes the metal to the finished product is producing efficiently, economically and
(a high value-added factor) then, the cost of profitably.
solar cells produced by a mature industry in
the 1990-2000 time period should be in the The bottom, hatch marked area is the "stan-
vicinity of 10-20 cents per watt. dard hour." Those hours which will be spent

productively in producing an aircraft -
Delphi predictions by the semiconductor those hours required to do the job for the
industriea lie in the range of 13 to 26 cents designs produced.

The magnitude of the "standard hour" cost is
Ile second line on this graph is a represen- dicLated nnt only by design complexity, and
tration of the market line for ores and min- customer requirements (specifications) but
erals - all tho way from imported beryl also by the amount of resources dedicated to
(berylli, ore) it a few thousand pounds a the production process - tooling, facilities,
year to sand and gravel at billions of tons etc.

still a good fit - and another verification Figure 7 illustrates that the resource dedi-
that volume and market value are related ana- cation is related to the annual production
1 ica!y. rate. That is, the standard hour value is

directly related to the annual production
HIGH PRODUCTION RATE EFFECTS rate, and declines along approximately a 70% I

curve as one goes from typical aircraft rates i
The next type of cost prediction problem to automobile production rates in vicinity of
faced on SPS, was the determination of the 106 - 107 units per year. Note: This is not
influence of production rate on production a "learning curve."
unit costs.

In the aerospace industry we typically have,
for example, production rates from 1 or 2 per , '. ""'" .,'""',
year to at most a few hundred units per year. ,
Economic principals dictate the ratio of re- j '"fl

curring to non-rcuring funds.

For exanple, the lower the rate, the lower ii "
the early investment in tooling and fecili-
ties. Vigure 6 illustrates the typical unit

prdcinipoeetcrefor an aircraft

Figure 7 - Economic System Simulation -

Mature Industries - Production "
Rate Effects

This is a production rate improvement curve
and arises because of the willingness, as
rates Itcrease, to remove design and produci-
bility problems by the early dedication of
resources. Thie improvement arises purely
because of the economics of the situation.

How can we use this information7 A stepwise
process:

I) We predict the "standard hour" for the
Figure 6 - Production Cost Baseline system at typical operating rates.
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1 2) Then we apply a 702 product improvement 1) industry category n dcurve to determine the standards hours 2) Number of industries considered/category [{

at the higher rate. 3) Range of assets within the category |-1

4) Total assets of the industries in the
category

POTENTIAL IMPACT ON THE U.S. ECONOMIC SYSTEM 5) Range of revenues within the category

6) Total revenues of the industries in the
category

A major problem to be addressed is the deter- 7) The relationship between assets and
mination of the impact on the economy that revenues

a project of this size will have. 8) The correlation coefficient which indi-

cates the validity of the original
We seek, therefore, answers to the following assumption.
questions:

These data were taken from Financial World,
1) How big will the investment of industry July 15, 1976, and represent companies in the

and government have to be in order to top 500 profit making industries (mature) in

handle a transportation job this large? the U.S.

2) How big will the investment of industry The cumulative assets and revenues of the
and government have to be to develop 319 companies represented here exceed 900
the production capability required? billion dollars, more than a third of the

ONP.

We have analyzed the relationship of "assets"

to "revenue" for 25 or so classes of industry
from aerospace to electrical utilities to
grocery stores.

Table 1 is a list of those industry cate-

gories. The columns are:

TABLE 1

'LIKE 1 u ' CNA TE9ISTICS - TOTAL ASSETS TO TOTAL REEME f.ATION6IPS

WR iml 84._ ASSETS TOTAL ASSETS RANGE REYVENUS TOAL RV. WATION pt
2

UTILITIES (CE T6AL) 27 524.3 . 6,534.2 52,893.1 196.5 - 1.908.2 17.229.7 It - 0.304 t 50.3 0.93

UTILIIS'S (EASTERN) 27 633.1 - 6,072.3 78.158.7 212.0 - 2,880.3 24.522.5 R - 0.31A * 1.1 0.86

UTILITIES (EAST(RN)(1) 25 633.1 - 6,072.3 66.821.2 212.0 - 2.206.3 19.172.7 Rt- 0.26.50 100 0.965

UTILITIES (WESTERN) II 715.4 - 7.419.8 23,270.6 143.8 - 2.646.7 7.212.0 ft- 0.38A - 143 0.977

AEROSPACE (IVERSIFIED) 12 340.7 - 2,094.6 18,768.8 493.1 - 5.166.3 33.021.8 ft * 1.932 - 245.1 0.932

AGIC. UIME4ET 4 1,114.3 - 3,574.8 9,67.5 1,519.3 - 5,488.1 12.912.9 R - 1.49A - 443 0.87

AIR OU.10SPORU 5 1,151.6 - 1.894.6 7.929.6 963.8 2,037.1 8,633.2 It * 1.20A - 136 0.67

AIR TUNSPORT (2) 4 1,151.6 . 1,994.6 6,228.9 963.9 - 2.037.1 6.907.7 8 - 1.53A - 748 0.956

ALUMIWJH 4 2,160.9 - 3,569.5 11,182.5 1,851.9 2.924.4 9,516.8 t * 0.76A * 261 0.9$6

AUTO & T9CK S 1.048.3 - 24,342.8 50,083.9 1,473.3 - 47,181.1 95,483.4 A - 1.94A - 306 0.085

FOO PROCESSING 26 151.7 - 2,128.9 25,582 212.5 - 5,284.6 53.050 1 - 2.44A - 365 0 $5

GROcERY STORES 6 509.6 - 1,709.0 5,560 2,115.8 - 10,442.5 28,379 6 • 6.46A - 1277 0.92

OFFIC/COM$ITERS 10 442.8 - 17.723.3 34.023 539.2 - 16,304.3 32.405 R - 0.91A * 146.S 13.995

OILrIELO SERVICE EQUIP. 9 295.1 - 2,53.1 9,041 21S.0 - 1,84.'3 11.134 R - 1.70A - 467.6 0.269

PACEKAING/COTIAEINERS 6 274.9 - 2.195.2 7.757.1 394.0 - 3,459.2 10,343.4 R - 1.24A * 120.4 0.908

PAPERIFOREST PAW0. 19 152.7 - 3,681.7 26.062 146.7 - 3,540.6 27.831 t * 0.95A * 164.8 0.913

ELEC. E CIP.NT 20 140.4 - 12.049.7 33.348 275.2 - 15.697.3 44,834 A * 1.27U + 110.6 0.994

ELECTROICS 6 475.0 - 1,156.8 4.963 522.0 - 1.723.6 7,499 R - 1.374A * 113.4 0.823

FACNINCRE (HEAET) 18 191.5 - 3.093.9 18,149.6 169.9 - 5,042.3 24,625.2 8 - 1.28A * 62 0.9S8

NATUAAI. GAS 29 29e.1 - 7.179.0 41.061 379.2 - 6,423.4 29,442 R * 0.78A - 97.2 0.65
OIL (PETR.O(N) 35 368.0 - 34,331.3 190.924 98.1 - 48,631 232.021 a - 1.354A . 779 0.982

STEELS (INTEGRATEO) 9 526.2 - 9,184.5 27,399 690.0 - 8.604,2 27,535 It - 0.94A 180.2 0.984

TELECOS 12 569.7 - 87,036.9 129,125 161.9 - 32,15.6 50,620 It 0.31A + 173.4 0.997

Exclude4t C" (6, PublIc Sornice
2) Excludes Eat49 ArIims

Ffnar41ia W ld. July is, 1877
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We have plotted the correlation coefficient, 1) The maximum production rate of satel-
R2 , for a category against the number of lites

industries in the category analysis (Figure 8). 2)Fecotbekdw y

a) Satellite production coat

*RCRSI RVM.~tTASIXA,,MT1OO1@ b) Ground station production and
installation costs

c) Transportation costs to orbit
I.i d) Construction costs in space 4

PI*** I - or the examples to follow I have used a
hypothetical number of 20 billion dollars per
satellite at seven satellites/year with thefI~~Lz c ategories as shown in Figure 9.

W@V. OF ,.OvMA81 M~ '4,lGoRy What is the investment required by Industry and government to
sMte econom.ic matursty for this alze ltosum

A AIR ,,5,k'R1- O[UT?,AL.

8 UTILITHIS UM - MAUT5OD 90PPK$0- Cost figures (examtple for calculaions only)

I Sttlite productlcionost (1) 6000

Figure 8 - Correlation Coefficient vs. 2 Groutid feehst stton (2) 6000
N~umber of Industries in 3 Satelltetransport costs 6000
Category 4 Satellite - in space construction - 2M0

Total Unit Cost 20.000

With the exception of Point A, all correla-
tiono were in the range from 0.80 to 0.995. Figure 9 -Scenario - SPS Rate Will

Maximize at Seven Units per
Point A, with R2- 0.67, represents 5 air- Year

I liners. If we exclude one data point (Eastern)
-he correlation between asets and revenues

riestoR2  .96. The next step for each of the major categor-
ies is to establish the "nature" of the pro-

Is "Eatttern" different? duction job.

The answer is yes. The value of the A-300 Figure 10 illustrates, for example, costs of:
airbus fleet was not included in the asset
at~atenent for Eastern Airlines. 500 million for the multiple/comaon

systems on the satellite
We have demonstrated the validity of the
assumption that industries develop predictably 3000 million for the solar cell blanket
-to aurvive end expand, money must be invest-

ed - increased assets are required to increase 500 million for the power distribution
revenues. system

Con this information be used? aid 2000 million for the microwave trans-
mission system.

Yes. A4n analytic exprc ion which relates
Onsets and revenues can. be adapted to predict
investment coats if one can begin to structure
the other variable - revenue.

Let me illustrate the approach-

A PREDICTION OF INDUSTRY INVESTMENT TO
SUPPORT SPS

To use the assets - revenue equation in
attempting to size the impact of the SP5
program on the economy, we must know:
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1-0-0 M.The last step In this particular exercise Is
to use the revenue generated per satellite
for each industry category; multiply by
the rate and obtain the total revenue flowing
through each industry category/year due to
the solar power program when peak rate has

II&A been reached. Using the "market line" equa-
tion of assets to revenue we can then calcu-

omen. tlate the asset buildup per Industry category.
,~,. mowSum those and arrive, In this case, at a

MUCII. 10111figure approaching 30 billion dollars. The
( results for this example are presented in

0DWooboao" cOftLCT~IMCONTEPO Table 3.

IOIALIM OAL~. Table 3 - Satellite - Revenue by Industry
CWT %AIUftO.OO IT4WORAOOV OLY Category for Seven SPS/Year

Figure 10 - Satellite and Ground Systems
cost by Major WBS Elements * ACOAOov SAOLITI ONAT .11WVAMI M0

AIOPACI Im 9011 A-IVA 2.6 .503

The third step in this exercise is for each OLIGCOCA AGIN, NW) "D A In1 13

major cost category (in this case, satellite RAIII40 in SMAow e.II s

production costs) to assign the cost break- TOA$ a "n3

down by satellite WBS element by Industry STtf Ae

category in 'order to determine the amount of
revenue (satellite cost) seen by each indus-
try category. This ia demonstrated in Table 2.~

'....- Table 2 - Satellite Systems, Production
Cost by Industry Category per
Satellite

3 A similar set of calculations for the ground
systems io presented In Tables 4 and 5.

P3110 AASOWACI IIANOM ILK TOTAL

55aT0PAIDA1101 30 No w e Table 4 - Ground Systems Production Cost
1 1M Coile m USA_ by Industry Category

A0WAVI WfM~ C $S01111 ES SC
________ - -I- Recteens West11 Aeocepe Eiectrosics MahfelTotal

TOTAL. IOU Am M2 A5 jn 200

Common 2000 400 - 2400
EmeSy Collection/l

*0030 WAWAIAMC IsusRKRTNI ONLY Convenioni 1000 2000 - 3000
Power distribution 100 100 200 400

Totl 3100 2300 200 600

For example, the energy conversion systems
per satellite would provide revenues of:

300 million to serospace category

2500 million to electronics Industries 7

and 200 million to slectrical machinery
Industries.
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Table 5 -Ground Systems

Rv~rioc y Iduar ~ r. 7SPS~et.SELLING PRICE OF SPS POWER
Reilie by ndutr alt$IIYfo 7 SPdklcd

~~~~ year170 . 1.3 Finally, let me take a cut at predicting the
FIIa~ IiImS '(iIl*0 I3A I 29 eln pie of power derived from the

140 Rpower as a percent of total hours/year. and
1,.s 00 40.6f00 25.1J4 an equation which relates revenues to assets

for the typical electrical utility:

t., r tic %al rgues uvd in iiii examplIe. asageri of 2% billion n.,uow be First - Assets/satellite
liii p b ibisryti fodl prdotio jbson hearondv~iril@ ',0% of cost 10 billion

(. %?se niv ragel
Second -Availability 90%

Operating hours 789i)/year

For this example, assets approaching 25 Tid - Kilowatt hours/

billion will be accumulatedl by Industry to year 78.9 billion

support the ground systems production.Forh-Genig qutn

The transportation costs per satellite will (utilities) R 0.30A+50

genrat rvene fr:Fifth -Revenue 3.050 billion

1) heaerspce ndsties(arfrme3)Finally- Cost/kilowatt hour 3.87 cen-ts/ky hr

2) The chemical industries (propellants)

3) The electronics industries (C
3) CNLSO

4) Somet~hing akin to the airline indus- iemotfusaeaiirwthnml
tis(transportation operations)Whlmotfusaeaiirwthnmltresmodes of cost prediction, e.g., learning

The data Is prese ted in Table 6. cuesr ee extaois resen Depiedcion whic
cure terapolais porlm evn Dephio ehih
defy solution by "normal" aeans. In particu-

Tabl 6 ransorttionRevnuelar, when prediction problems arise which
Tabl 6 -Tranporatio Revnueinvolve cost projections for .systems which lie

Earth - Leo - Geo over the economic horizon, we must use method-
ologies which are consistent with the fraction

nitf ~ .OWTOCAIWAVof the economy Involved and analytically
n~vg~lELilI (OJ~ rR;c.derivable relationships which arise because of

market factors. The mature indungtry approach
rvM 14 , OiiMI is such a methodology.

AIRTANSP'ORT 280 I ag Iu %1A 183 882

vooat Mo,u 42W0 'A270

,eSk,.081 101 ANOAIIANICTIO' 80tM PA.8~OGPi
M

For each category we can then calculate the
revenue/industry/year using the appropriate
asset/revenue equation ta predict assets
approaching 28 billion dollrrs in oupport of
the renaportation tasks for SPS.
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MEASURING AND PREDICTING PRODUCTION DISRUPTION
COSTS DUE TO DESIGN UNCERTAINTY AND DELIVERY URGENCY

Copyright @ 1978
E. B. Cochran, Management Consultant E. B. Cochran

1. StIMARY political leadership nor the taxpayers of this
country are in a mood today to accept greater
government expenses, no matter how justified.

The disruption to cost and delivery often found This attitude is compounded for defense ex-
in major DoD proqrams usually is the product of penditures, where technical complexities, long
two factors. First, is the inherent uncertain- lead times and philosophical differences weaken
ty of development work. Second, such work is the support of both citizen and politician.
performed in the context of an urgent need to
deliver production units to the military cus- Each national administration begins its career
tomer. The same factors also apply to the rel- with clucking over what it considers the dis-
atively less frequent disruptions of commercial graceful overruns perpetrated by its prede-
products. cessor. Every few years, therefore, we have a

new round of pontification over the heroic
This paper describes the result of further re- steps to be taken in correcting the situation
sea'ches into disruption along lines outlined for all time. The current pressures are in-
in Ij77 by a paper delivered to the Sixth DoD tensifled by a number of unique factors. First
Acquisition Symposium [1]. One project pursued is a milieu of social change and great politi-
recently i: the construction of an interactive cal sensitivity to it. Second, reaction to
computer moot' for the disruption process. The Vietnam has not yet run its course, and our
immediate goal ,as to predict disruption cost national leadership must respond to continuing
(in terms of proottion manhours) by quantify- antagonism toward needs expressed by the
ing their dependence on uncertainty in the de- military. Third, there is a national realiza-
velopment phase and th, urgency of delivery tion that the inherent limits to growth are
dates. Several major bent.fits are gained by a forcing the United States toward radical re-
successful effort: more realistic appraisal of allocation of resources and priorities.
the cost and delivery dates fbr a major program, Fourth, is a lowered level of confidence in
both before go-ahead and during its conduct; the judqement and pronouncements of public
improved time-cost tradeoff analysi;- more figures.
effective early-warning of cost and delivery
difficulties; and more objective appraisal of
the facts which underlie contractual contro. The DoD Challenge
versies involving disruption. An interesting
result is that a model shows far greater abil-
ity to identify and measure disruption costs in the midst of all this, the DoD grapples
after they occur than is provided by any ,yith a Brobdingnagian manaqement task. It
accounting system. The disruption process it- fa ,s a highly determined, technically compe-
self is thereby illuminated. The model also tent poonent which focuses vast and increasing
appears capable of improving the accuracy with resources consistently on its long-range impe-
which responsibility for cost overruns and rialist objctives. In the last decade there
delivery delays can be assigned. has been seri;,,s decline in our military capa-

bilities, both riwlatively and absolutely, and
Further refinements now under development will important erosion A NATO. Despite intense
facilitate estimating the probable range of competition for every budget dollar from other
design delays and changes which may affect governmental agencies, C.D must deal with an
program performance. Presently, the model unparalleled rate of techr.logical development
focuses on labor hours expended In a long-cycle which makes costly developme0 programs a way
operation producing at a relatively low rate, of life. These often contain sublstantial tech-
while its capacity for detailed analysis Is nical and other risks, which may cuse serious
somewhat limited by the medium-sized computer discrepancies between plans and resui-s.
system employed to date. However, the princi-
ples and techniques used lend themselves to Recently, for example, there have been large
other production structures and to other cost Navy overruns and related bitter confronta- A
aspects of disruption, such as labor rates, tions with contractors. The Navy is certainly
overhead and material. Substantial programming not unique in this respect; there is no dearth
has also been done to develop capability to of Air Force and Army experiences. But in the
handle more intricate problems [6]. current domestic envirornent, it was perhaps

inevitable that these Navy controversies would
stimulate exceptionally strong political reac-

2. INTRODUCTION tion. The direct effect of such arguments is
serious enough: DoD suffers extended program
delays: contractors cannot earn a decent re-

The Domestic Environment turn on their investment; valuable working
relationships are eroded; while the overruns

It is hardly news to state that neither the and delays themselves expand, since means of
67
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dealing with these complex situations cannot be reviews contractor methods for calculation of
wokdotin timely fashion. But there is disruption claims, one is struck by their ad

- wre, for the credibility of all parties to the hoe nature, their lack of fundamental organiz-

! controversy is degraded, taxpayers feel frus- Ing principle, their inconsistency of approach
trated aud political leadership feels impelled from oae case to the next, the use of arbitrary

i to take "positive" acttca. And so now we hear technique. One senses deep confusion in these
! that major 'Long-range Navy programs are being sad but earnest attempts to explain what are

Sdeferred, cancelled or diluted. No one knows very real and hurtful situations, and such con-
how far the effects of such reaction may go. fusion invites the procurement agencies to cut

large swaths in the arguments. The agencies'
Wat are these monumental battles about? The negative responses may be in line with their

outsider only sees that screams of "disruption" responsibility, but they do little to clarify
by contractors are nmtcliad with charges of the. realities of these complex situations.

_ "mismanagement" by the Navy. But such verbal Meanwhile, the cloud of rhetoric continues to

lo.istlng is merely the tip of a very large ice- swj,
beib. The real problem is the failure of both

sides to -Cfe-vively understand the logic of The question is often asku,: why, with all

'!in technology. Assa result, there are unreal- tmount of overlap or concurrencybt~ndsg

istic expectations whnich, despite meticulous and development? Why make something before it's

S|contractual provisions, rake massive overruns dsges osek hr ol eea
and schedule delays inevitable and produce Motors be if it built cars this way? A good

complicated disruption controversies which cost question, and there is no doubt that the over-
much time and money. lap should be at an absolute minimum. But

there is another side to the coin. Time, too,
is a resource, and DaD cannot always afford theSluxury of a leisurely incremental development

Source of the Problem program. Further, even massive overruns may f
wokebe cheap in comparison i th the benefits from

earlier delivery, many of them hard to quantify,
C5A's, SRAM's and DD963's are not Chevtolets,

In my opinion, this lac of understanding - and nor even Cadillacs.
cot=unicion - occurs eor two reasons. First, ipr sp
the phenomenon of disruption itself is by far In short, concurrency will always play a party

the post coplex problem in managerial theory in DoD acquisition policy. The question is,
or pactlce, and one uhich is poorly understood how much of a part? To answer w.his requires a
in any general terms. Second, defense product new approach.
evelopnte involves te most sophisticated

techr.ieal environnent possible; It is an area
where llwa'h can be learned from procurement
mantIs and where predictions are fraught with A Modest Proposal
peril. To list the pri amry questions which
repbotedly surfacsean th h arguments may help t
show thet difficulties: The time has come to recognize formally that

. What changes really occurred? urgent procurement contracts requiring new
s o owas responsible? technology will always suffer what we now term
r r ow did hei r implementation affect cost "disruption" It may help to define that term:

n nd delivery? disruption costs are those which exceed the i[
i Was the implementation timely and costs which are necessary under orderly and

efficient? predictable conditions of desgn, development
n Were there or effects? and entry pr e production. Merely to state
ol What did th- cst? this tells us r6at few significant new DoD
S Were good mne .elnt practices used? programs will be free of disruption. The costs

of disruption can easily run a quarter of those
The questions seem simple. Actually, they raise for an entire procurement cycle, and an even 4

profound Issues. Jany ilttery of fact arise greater ratio for the pure development stage. Ai
which S re difficult to define shaPbly. Complex That being so, we must establish realistic

c.alculdtions tire nescdd which go far beyond the M thodn by which to prdc their magnitude
obJoctva datt avilable. Fven to hAve a balre nod inimize the effects when they occur. fo
chrcr to Hevd auewyrm requires that the uoder-e r t
lying development pr,,cea# itbelf be well under- Tis, sry aound auspicaousr, lke just another
ntood by the p artia td odds. call for better management procedu en, C subject

which hac received much attention without per-
Pot h e actual practice of disruption analya manent s ucces. But It Is not that a a all.
show- little evidence of progress in understand Rather, it calls for a dfferent approach
png tie blsc issues. or example, when one entirely, one whic:
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o Accepts the potential for cost overrun, weeks.
though with intense effort to
minimize it; Second, once a program has been decided on,

Requires a realistic assessment of it; the funds related to the estimate of potential
and disruption costs should not be made easily

Makes this philosophy workable by using available to the contractor. For they would

specific methodj to estimate delay then be simply considered part of the normal

and disruption effects. budget and spent as a matter of course. There
would effectively be little or no provision A

The first two items of this proposal are found- for the unplanned costs which might well de-
ed on a theory of disruotion presented at the velop later. Obviously, there should be no

Sixth Annual DoD Acquisition Research Sympos- reduction in the efforts to minimize disrup-

ium (1]. The third introduces a computer tion by good management, development incremen-

modeling procedure briefly described by the talism or otherwise. To recognize the probe-
earlier paper, which now has been developed bility of disruption in a given case cannot be

sufficiently to demonstrate the realism and considered a license to spend the money.

accuracy of the approach. The crucial step is
to focus attention on hig'--risk areas. This

allows us to estimate the possible range of
cost overrun and delivery slippage. Currently, 3. DESIGNING THE MODEL

the emphasis is on production delivery and
" labor hours. Related nodeling procedures are

being developed to allow better prediction of
the pattern of design delays and changes, and We shall begin with a brief look at an ideal-

effects on other production cost items. ized version of the labor hour pattern typical
of disrupted production. Exhibit 1 shows such
a pattern, developed in 1959 by the author,

which he dubbed the "S-curve" 12). Tne base-

Benefits and Cautions line for this example is an ordinary improve-
ment curve of 85 percent slope, while the
bulged area above it represents costs due to
disruption. The size of the bulge varies

There are four major benefits of this new according to what may be broadly termed "lead-
philosophy. First, it encourages far mre time" or "phase overlap" conditions.
realistic consideration of a proposal to under-

take a new program - since attention centers Now the disruption mechanism is extraordinarily

directly on the potential for delay and disrup- complex. It originates with production delays

tion. Second,-the model itself can also esti- and task changes, and evolves through the

mate potential savings from relaxation of interrelationship of drawings, production

urgent delivery schedulez or reduction of processes and vendor activities. The overall

design risk, or the opposite. This lends real- effect may be inferred from comparison of
ism both to the initial evaluation and to sub- actual hours with a suitable benchmark or

sequent status reviews. Third, the model's "should-cost", but the details simply cannot

ability to quickly translate design disruption be measured directly by any accounting system.

into production cost and schedule effects per- So, as a first approach, we might examine the

mits the establishment of effective early warn- leadtime conditione for a specific case. We
ing procedures. This alone justifies careful may then estimate their effect on hours by

consideration of the approach. Fourth, custom- comparison with experience on other program-
er and contractor can jointly address the (3: 155-200]. Interactive computer programs

effects of design delays and changes,and of have been developed to facilitate this esti-

schedule revisions, in a far more objective mating procedure.

manner. This should help to resolve questions
concerning potential disruption effects before When the necessary data is available, the pro-

they expand to dominate the procurement re- cedure is rapid, inexpensive and reasonably

lationship. Incidentally, the model should also accurate. Unfortunately, data is usually hard

be an unusually effective general estimating to come by or the conditions of a new program

tool. may differ widely from prior experience. It
is therefore useful to develop a method which

While the benefits are important, we must exer- does not depend on such specialized records

cise some caution. "irst, we cannot expect in- and which is more adaptable to new conditions. Vi
stant results. The construction of a reasonable This requires detailed calculations which focus

model for a major program takes time and money, on the more significant events - actual or
even though modular interactive ecnniques were forecasted as appropriate - and attaches costs 7i

designed into the first tajor aoplication. to them which reasonably replicate their

Eventually, of course, it may be feasible to effects on operations. Such an approach is far

have a family of such models on line, which may too. complex for any but a computer modeling

be adapted to a new proposal in a few days or procedure.
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will be of great importance in determining the
The model itself is developed on an interactive amount of "crashing" required to meet schedules.
computer program which allows the user to enter and the associated cost penalties.
appropriate design, production and schedule
characteristics under careful scrutiny, Exhibit Fifth is data on the direct effects of design
2 provides a brief flow chart, to aid in ex- uncertainty. As one item, delays in start
plaining the procedure. In view of the shape dates for major tasks may be entered. together
of the disruption labor cost pattern, the model with expected tirmes to develop the necessary
is sonetimes termed an "S-curve" model, drawings. The model will then determine the

earliest possible start and complete dates.
In turn, those dates are compared with master
schedule iequirements to define the degree of

Basic Provisions production delay. Another group of entries
concerns the timing and magnitude of design
changes, with their effects on lost learning,

on rework and retrofit activities and on un-
The first step is to describe the production changed work (both on the immediate task and
process. This incorporatn the usual prede- on others). There is also the matter of gener-
cessor-successor relationships found in PERT al design "turbulence", which produces signifi-
networks, but also allo,4s for considerably more cant rolling obsolescence without necessarilv
sophisticated relationships between the states causing noticeable growth.
of completion of any two or more basic activi-
ties. Exhibit 3 diagra- the situation for the Sixth, two characteristics of the labor force
model being presented here. For each unit are required. One is the quantity of each
there are ten major workcenters, each subject skill available in the company and in the
to several constraints. In total, for all units community. Those in the company must further
covered by this analysis there were over 500 be described in terms of their seniority
constraints. structure, and both groups in terms of their

skill level, or the amounts of training needed.
The second step calls for parameters of the The second describes the headcount shrinkage
production facility it-elf, including its for each seniority layer of personnel as it
resource capacities anA Zrowth rates: manpower continues employment over time. Such shrinkage
by skill, facilities, storage space, etc. These can have enormous effect on the disruption costs
,arameters also constitute significant con- to be computed later, and care should be taken
straints on facility capacity to deliver units, in developing this data.

and pressure on them generates cost penalties.

Third, characteristics of the product's cost are

entered for each workcenter, such as their basic Cost Penalty Functions
cost level, optimum cre't se and improvement
slope. Reliable estimates of the basic or
"should-cost" must be used, since they affect
the interface between the production process A number of cost penalty functions are
and the facility's limits. After considerable essential to achieving the purpose of this
experience with parametric estimating tech- model. These reflect the situations which
niques [5), 1 feel they are very helpful in develop during production under disrupted con-
establishing the model's should-cost data, ditions, and during periods of startup and
provided the results are properly matched to the phaseout of operations. The model uses them
facility in which they will be applied. This to estimate the cost effects of those abnormal-
phase of model development is crucial in getting Ities. The most important items are very
accurate results, and may require extensive briefly suarized below.
study if suitable data is not immediately avail-
able. It is also important to consider the Reductions in flow :Ime are often initiated to
degree to wl-ich the usual cost estimating pro- compensate for design delays or unexpectedly
cedure incorporates facturb uhich will also be long flow times in predecessor activities.
measured by the cost penalty factors discussed This may produce over-staffing with several
below. The modeling method reveals - perhaps types of inefficiency resulting. Multiple
for the first time - the deSree to which ordi- crews (second line or shift, etc.) will
nary cost judgements are affected by such further raduce efficiency by diluting the
factors. learning curve. At the same time, design

delays or bottlenecks elsewhere may require a
Fourth, the master schevle of deliveries is slowdown of work in a given workcenter. This,
entered, together with appropriate "drop dead" too, will create inefficiencies of several
dates. Using the network pattern, cost types. Important inefficiencies are generated
characteristics and design delays, the program by the need to train each group of people
translates the master schedule into subordinate newly introduced into the labor force, both
schedules for the various components. This data during the manpower buildup phase and as a
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result of turnover. Seasonal factors may play effects generate extra labor hours. This
a part when work Is done outside or when it modeling method explicitly makes such dis-
affects the availsbility of new personnel or tinctions.

th.' turnover of existing staff.
The ultimate tent of a given model lies in its

iany of these events may also create unplanned ability to reproduce many complex events in a
int ,rter n es between crews and semi-finished convincingly realistic manner. As we shall
work due to space limitations, and require see, this model meets that test. There is
sequence changes and get,eral discombobulation e"ery reason to anticipate a similar result for
of orderly procedure, other applications.

What wc term "phasing" effects are of great
Importance. Of relatively smell impact under
.vell-controlled conditions, they can climb to 4. OUTPUT OF THE .ODEL
ubjb.untal proportions when design uncertainty

and '-' iverv urgency exercise their opposing
pres ,,re . ;' -rup costs are, of course, at
the front end. Ohey may add from five to Thie program will now develop an e:,tImate of

twenty percent to basi, labor hours for early program labor hours. Relevant time-phased
production, depending on the circumstances, comparisons between projected and budgeted
Startup is sometimes estinated by use of (or actual) hours are made. The differences
improvement cu"ves,but actuElly must be added are identified with the various sources and
to whatever basic cost level is established, types of disruption as computed by the model.
Phaseout costs, often called "tailup", have
iong been recognized by a nurber of industries. The analyst may then adjust the mdel para-
Any thoughtful consideration reveals its con- meters, to play "what if" games. Using the

siderablc complexity [4), as it varies w!'h program's interactive features, he can explore
the prospects of other assionments for Lite such questions as the cost effect of various
workmen, the rate of labor :eduction (which design delays, production acceleration rates,
ma cause bumping and reassignment), and the design change policies, major make-buy decis-
effect of low output levels which generate in- ions, etc. He may also examine the effect of
efficie't use of tooling and facilities, different cost functions for specific types of

disruptive events. Upon command, the model's
Crratic workloads result fro. design changes results may be displayed In the form of colored
and delays and their ripple effects, as well charts on a CRT terminal. This further facili-

as 'rom ot-her dlruptive events. This requires tates prompt evaluation of the nmdel's :re-
s.anagers to keep people that are not being dictions and modification of scheduling and
fully utilized, in anticipation of peaks which production policies.
lie just ahead. Lastly, important anticipa-
tion, cerr~over aad compounding effects can In summary, the mode] matched ictual results
t'evelop 'rom all these situations, very closely, both in total ni.d in considerable

detail. Exhibit 4 shows results on a monthlyI |'ile the penalty futctions are mathematical basis; the model projected monthly values to
in format, for each one the user need only within an average of seven percent. The per-
enter i simple percent penalty for a specific formance was a bit worse in later months, where

case. Such decisions should, of course, in- data on changes and delays was also a hit weaker.
corpo,'Pte all the experience available. How- Performance on a task basia is indicated by
ever, obtalning reliable detailed measurements Exhibit 5. This shows each of the five large
of olsruption costs is a practical Impossibil- 'nlts involved, with the work segregated into
ity. Thus, the effect of these functions the two main types - structural and non-struc-
heavily depends upont' judgement of experi- tural. Again, the agreement is excellent, and
naced managers and es. ators. that continues to be so as we delve deeper.

Naturally there '- some widening of the differ-

If this gives pause, recall that the only e~ce between calculated and actual hours as we
estimate not heavily based on judgements are go to smaller segmenrs of the program.
those prepared for new lots of a firm design

c,;rrently in production. This is a t-Ivial This close agreement is even more impressive
estimating problem. Any esttinate of real im- when we apply the model to the circumstances
porcance requires substantial judgement. The of the contract. With a substantially lower
brod judgements normally used to prepare a ma- design cost and a much tighter production cycle,
)or product plan grossly understate the cost the model was still able te match the estimatcd
ivrpact of design uncertainty and schedule com- should-cost very closely. In quant frative

presson. An important reason is that such terms, the model separately replic,d Cs-
)udg, enta do not separate two distinctly built and as-contracted costs which were in the

ditft-e-nt types of event: first, the Impact of ratio of 2.5 to one. There were also numerous _-

,lzi uiorl.1 ut y tn produition steartup; cot irmdtion of the as-built model's accuracy
aetu1, Ic 1,C r" I d ltvulo' to f wlhil, thos"2 fl0a other studies., and further support from
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the agreement with actual and as-contracted duce far better evaluations of resposibiltty
workflow statistics, for disruption costs.

Estimated disreption hours amounted to some
forty percent of actual hours incirred on this
program. Their distribution by type was aa Further Extension of the Model

follows:

our approach may be extended to incorporate

Phasing 1 % the network of key design, test, tooling,
Change Effects 30 facility and procurement activities which pre-
Personnel 24 cede the start of production. This will allow
Task Distortion 9 specific analysis of the potential for design
Task and Crew Variability 13 delayo in selected high-risk areas, as well as

Interaction 23 te possible effect of alternative development
peths. Using a stochastic approach, we could

100 % estimte the probability of specific production~slippages due to design delays and changes
arising from the uncertainty inherent in the

new technology of a given program. The re-
The phasin item represents the degree to which mainder of the model will then estimate the

the model's tailup calculation exceeded the corresponding cost effect. Such a capability
should-cost allowance. Change effects repre- is now under development.
sent the loss of learning due to design and
methods changes, plus the impact on methods and Development of similar models for varying
crew assignment, ripout and retrofit costs and types of production processes offers no
the effect of changes on unchanged work. All special difficulty. It does, of course,

are computed ly the model in great detail require the analyst to develop the network

following est mated parameters provided to it. structure and data on capacities, basic costs,

Personnel disiuption represents excess hours etc., and to adapt the penalty functions to

for training, crowding of crafte and the cumu- the new situation. Such work is facilitated

lative effect of over-manning on the rate of by the interactive procedures provided by the

learning for pecific tasks. Distortion com- computer program.

prises the effect on current efficiency of com-
pression or stretchout of tasks. Variability Further modification to include overtime

measures the effect of rapid fluctuations in premium and escalation of labor rates is

task workloads and in the demands made of the relatively simple. Expansion to reflect over-
various crafts; these require the plant to head and material costs is certainly feasible,
maintain personnel levels above those strictly but could get very complex if it were to en-

required for the work at hand. The interaction tail the construction of a detailed model of
category is the result of a month-by-month and the company's organization structure or vendor
task-by-task computation of disruption com- relationships. We have done financial model- *

pounding and carryforward effects. ing work which has considerable application
here, but our thoughts concerning the degree

These effects were studied on a unit-by-unit of detail required are still being firmulated.

basis as showm by Exhibit 6. Again, the results
are generally reasonable in relation to the
facts of this case.
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AN~ INVESTIGATION OF CHANGES IN DIRECT LABOR RE9UIREMENTS
RESULTING FROM CHANGES IN AIRFRAME PRODUCTION RATE

Lieutenant Colonel Larry L. Smith
Air Force Institute of Technology

INTRODUCTION production rate will produce a change in thre
direct labor requirements follows from the
first observation. One would expect an

Ongoitag airframe production programs sometimes exogeneous production rate increase to decrease
experience a required change in production direct labor hour requirement for a number of
rmtc due to program stretchouts or accelera- reasons. One is that a higher rate of produe-
t I T1hese rate changes are occasioned by "lrorrl' allow for further assembly spe-
,icl act! ns as budget changes, requirements 4lizatiori LA-. !tvoiding time lost in switching

:ogs ost growth. For example if cost from one task to another. A second reason is
growth 4~ . 'ie- planned annual funds expen- that a higher production rate :h .'Ld allow the
ditur, wiIl ue exceeded. To prevent exceeding spreading of batch fabrication sv -ut- charges
Innual budget )imits, production Is stretched over a larger number of units. If higner
(jut '.o iiw(ar airframes are produced in the rates lead to lower costs, one might also
budget yeL!-. If changes in airframe produc- expect that lower rates of production would
tior, rate -cuse' important changes in unit cout, cause anr increase in the direct labor renuire-
there is At need tn be able to assess this cost merits t produce airframes.
impac'. ur that ai, equitable contract adjust-
vrirt can b.' madle. Ih airframe manufacture, the production rate

can be expressed in a number of ways. One
In an earlier paper [1), the results of method used in the study was to divide the
research into the impact of a production rate number of airframes in a production lot by the
change o the direct labor portion of air- time span over which airframes were delivered
frame pr';Auctiun cost was reported [2). An for that lot. Thus the researcher reeded only
extenisi-n of the learning curve approach was the lot size and the aircraft acceptance dates
used to examine empirical data from F-14, F-102 to calculate the delivery rate proxv.
arl K *-l M airframe production programs. Tshe
approsi-r includea cumulative airframes and Given a method for expressing thre production
produ-tio rate as independent variables and rate, one needs to incorporate +his variable
_:ire'-1. labor hnur* per Defense Contractor into a procedure for evaluating ind predicting
i'ilirnn,n&p itport (DCPR) pound as thre dependent its impact on direct labor requirements.- The

varkI~.works of Orsini (4s:71] arI Noah (5l swig-

It vvis fourai that thre production rate ex- be combined with cumulative ptoduction in etdta h rdchzrt ol oiall
plainad a srmall but important amount of the multiplicative model of thle form y =Ax1s x2
variation in the direct labor requirements. where: the dependent variable y represents
Furt.he-~r',re, the ext-nded approach, with both some direct cost Indicator such as direct
curmular za pi oduw tlon ;%nd production rate as assembly hours per DCPR pound for a particular
driver,1. pre'dicted direct labor requirements lot of airframps, the Independent variable %I

.~ I t,'~terthin the standard learning approach rersnscuulative airframwes p. iduced arid
-. 1 'rv cour-Ofitlye, production as at driver, the independent variable x2 is som" proxy for

In 177,Congeto ard Kiton wih th auhor the production rate. A, B, and C represent
In 177,Conleto an Kiton wit th auhor coefficients in the model. This model isIas an ad visor, -enlicated the research summsr- ,fmply an extension of the standard learning

ized above. Prodvct e from F-5/T-38 air- curve modol, y =Axil. The multiplicative
~1frarrea were used to ' the procedures. 17,;~ r-lel described above was used In the nrigipal

pup-~ dnelcib amre their findings which andI the relo Iresearch efforts.
tsaevtlily validate the original work (3].
First, a descriptioni of the research is The data for replication of the originalIa-tvarced . Thon finlings, conclusions and so.re effort werp from the F-5/T-38 airframe produc-
obt.ervat ions are prersentcd. tion program. Thie data were stratified by

fabrication, assembly and total manufacturing
r-tef les as well a:, the different models

THE THEORY AND THE RESEARCH that were produced. The researchern examined

15 different cembinati ri- o~f the -Iata by
th politin isanipotatregression analysis In order t .... 0oate the

d~te ~natof cost, is; an Intuitive observa- in the dependent variable. A sample lata set
t! .n 11 rollovs fron our industrial 1ncludeo. In Table I
"ev or heritnfw, or highier productivity a,
ar-r 17 ,.1ded. 1-ra' a ripe in the 8
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TABLE I the production rate as drivers In the wdel.

SAMPLE DATA OFT y

AVERAGE 1 reet
AS213EBLY CUMULATIVE MONTILY Dirc

CASE HOURS PER PRODUCTION DELIVERY Labor

(LOT) DCPR POUND PLOT POINT RATE Per
1x x2 Pound

16 1.85 382.0 13.5
17 1.82 432.0 2140 i
18 1.79 502.0 33.3

55 0.76 4495.0 16.4

56 0,74 . .4558.5 17.2
57 0.75 4701.0 12.6 0

GRAPHICAL REPRESENTATION OF ONE DATA SET

In addition to examining the explanatory FIGURE 1
ability of the procedure, the researchers also
looked at itn predictive ability. This was
accomplished by truncating the most recent As anticipated from the theory, the procedure

year's data from each data combination or data predicts that an exogeneous increase in the
set. After developing model coefficients for production rate will result in a direct labor

* the remiding data through regression analysis, requirement decrease. A corresponding
the Known but unused data that had been trun- production rate decrease will predict a labor
cated were predicted. The forecasts and the increase. There was no confirmation that the
actuals were then compared as a measure of approach was better for one of the three data
accuracy. This technique was used for both the set stratifications, fabrication, assembly or
standard learning curve procedure and the total hours. In fact, the statistics gave
expanded procedure to add a dimension to the mixed results indicating the approach was
comparison. better for fabrication hours on one program

and better for assembly hours on another

FINDINGS AND CONCLUSIONS (3.94).

The predictive ability of the expanded model

The study confirmed that the production rate is was substantially better than the standardlearning curve model in the vast majority of
an important variable in explaining variation the situations tested [3:95). Not only were
in airframe direct labor hour requirements. the predictions better, they were more stable
Although less powerful than the cumulative
airframe variable (learning curve independent over increasingly wider time spans.

variable) the production rate variable was
found to be statistically significant for all The original observation that one should not

combinations of the test data. These include try to formulate a generalized cost model

fabrication and assembly as well as total usi on coefficients obtained from various
direct manufacturing labor hours per DCP R production programs was validated [3:961.

pundiect mnEven within the F-5/T-38 test data, the
pound (3:92]. regression coefficients changed within a

given test situation as successive eases were
The concept of the procedure can be depicted as omitted from the test data in the predictive
in Figure 1. a graphical representation of one ability tests.
data set. The downward slope of the curve
reflectn the decreasing cost relationship of The proxy for production rate sometimes gave

the stand"rd learning curve while the pertur- discontinuous data. That is, one lot rate
bations in tne curve reflect the "fine tuning" might be 37.2 aircraft per month while the
effect of changing production rate between
individuai lots of production. The "B" next might drop to 27 per month because of
coefficient is relatively larger than the "C" anomalies in the data. Such an anomaly might

be produced by a delay in accepting an air-
coefficient. This reflects the greater craft for a minor deficiency. If one had
strength of cumulative learning as compared to

acc8ma to the final plnnedehop production

18



-~ rate, it might be a better production rate [511 Noah, Joseph W., "Resource Input vs.
proxy than the one studied. Output Rate and Volume in the Airframe

Industry." Draft technical report
It is concluded that the expanded approach to No. TR-20h-USN, Contract N0001-73-C-O3i9,
predictlng airframe direct labor requirements Alexandria, Virginia: J. Watson Noah
is superior to the standard learning curve. Association, Inc., 197h. (Privileged
It is particularly well suited to predicting Information)
the effects of a required change in the rate
of production in an ongoing airframe produc-
tion program. One would most likely use it in
ehecking the reasonableness of an estimate
arrive.! at by more conventional methods such
ns detailed estimating.

It _uld seem worthwhile for airframe program
ma..rs to collect the necessary production
data t ';,'.' using the approach if needed.
Cost growth and the frequently accompanying
production stretchouts are commonplace and the
ready availability of the needed data would
facilitate the resulting need to priee contract
r.odi fications.

Finally, it seems reasonable that the expanded
approach would be useful on other programs
where learning curve approaches have been
successfii. Accordingly, missile eirfr.mes,
avionics and engine programs are likely
candidates for further study.
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IARNING CURVES, PRODUCTION RATEI, AND PRHORAM COfil'T AN I.L|INTHATION OF ORRII.TN

Norman Keith Womer, Air Force. Inmtitute of Toehnooluuy

ABSTRACT ¢ Mo,0 Is whIl'h Vltio I a ppp,'l ed t

I', t~t|(1I5 10i15t 0 piIUI 610 0l P. NPVMV I ha
Less, explicit conesiderati ton of thouu stock

Economic hodels of the production to order concepts is of crucial Importance In many In-
problem frequuntly conclude that the size of dustrial settings.
tho order and production rate each influence
unit costs. Despite this fact, the empirical The stock concepts are so imporfiltL In tart,
work on aircraft costs credits production rate that in some industries vnriatoits in cootware
with little, if any, explanatory ability. explained totally by utock changers, ignoring
These conflicting facts are resolved in this the flow concepts explicitly treated by eo-
paper by use of a.model which permits produc-- nomic.theory. For example, the learnini curve
tion rate to be a decision variable in the or progress functions developed to describe
contractor's production planning. We derive costs in the aircraft industry typically relate
an optimirl production plan which requires pro- coats to number of items produced without any
duction rate to change throughout the life of explicit reference to production rate or rate
the program. We then contrast the planning of usage of resources.
situation where alternative order sizes are

considered, with the production situation where Attempts to integrate these two method of de-
unit costs are related to cumulative output scribing variations In coots of production,

given a production plan. This approach pro- learning curves and cost functions, have met
videns guidance for the use of data on past pro- with only limited success. Alchian [1] and
grams in the evaluation of future production Hirshleifer [4) have discussed some of the
plans. It also provides an explanation of the issues involved and have provided some intui-
Impact of program stretchouts on costs. tive expectations about the form of the result-

ing relation. Alchian states nine propositions

INTRODUCTION AND BACKGROUND on the variations of program costs due to
changes in production rate, volume, the time
horizon and the firm's production experience.

A usual Iintermediate product of production Hirshleiter extends this work and relates it to
theory is the cost function. The cost function more traditional cost theory. However, both
relates dollar cost of production to the quan- works stop short of relating variations In
tity of output produced per unit of time, and costs to production in ways that are explicit
in some cases, prices of resources used in the enough for empirical estimation. Preston and
production process. The form of the cost func- Keachie [10] also relate learning to'cost func-
tion depends on the underlying production func- tions, but their graphical analysis of the sit-
and thi-competitive conditions in each of the uation also lacks precision. O [q] goes some-
resource markets, Its form also depends on what further. He purports to derive the nine
constraints imposed on the firm's production characteristics that Alchian proclaims from an
decision. Cost functions derived from circum- intertemporal production functions. His treat-

stances where one or more resources.are fixed ment is general and shows a potential explana-
in quantity are labeled short run functions tion for learning in terms of standard produc-
while those applicable to situations when all tion theory, but it too fails to specify the
resources are variable are referred to as long relations precisely enough for empirical In-
run functions. vestigation.

While the length of the time period involved is Washburn [12) addresses these issues directly.
frequently implicit, the cost function is a He formulates a model which relates discounted
flow concept relating the time rate of cost to cash flow to production rate and cumulative
the time rate of output. As such, its relation number of items produced. This model draws
to various stock concepts like the quantity of heavily on (i) the characteristics of produc-
capital equipment, the cumulative number of tion on an assembly line and (ii) the effici-
items to be produced (volume), and work experi- cncy of "crews" of labor at each position on

* ence of the organization at any point in time the line. This rather specialized model
is difficult to specify. These stock concepts points the way for the generalization below
are frequently ignored in classroom treatments which is based on standard economic production
of the subject and in many attempts at empiri- functions.
cal estimation of the cost function. This
simplification is sometimes justified if the In this paper, a homogeneous production func-
firm is in a steady state situation where de- tion is augmented with the learning hypothesis.
mand rate is expected to continue indefinitely. The firm is charged with production to a cu&-
Hirshleifer [4, 236-237) has argued that the tomer.ordered defined as a given volume of
simplification is consistent as well with the output available at a known point in time.
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The order serves to constrain a production experience (measured by cumulative output to
program which is assumed to be carried out by date) to output rate at any point in time.

minimizing the discounted cost of producing. Cumulative production experience is presumed
to enter the production function by permitting

In order to emphasize the impact of the other Hicks neutral technological change as a log
stock concepts, the services of various capi- linear function of production experience. The
tal stocks are treated as flows in this paper. resulting production function is written as:
One might imagine the firm leasing capital
equipment for varying periods of time. The
prices of capital are then rental charges for Q Q X
capital services. Thus capital is not dis-
tinguished from other inputs to the production
process. where 0<6<1 is the elasticity of production

rate with r'spect to production experience and
To illustrate the results of this theory, we a>l implying dezreasing returns to scale.
will issume that relative resource prices do
not chang- Jiurng the production program. The discounted cost incurred by producing Q
(They may all increase or decrease at the same at t is defined as:
rate, however.) This permits us to analyze
the production situation as if there were only
one "composite" Input. Secondly, we will
assume a log linear form for the production
func t ion.~The resource price and the discount rate are

The model and its solution is described In the ase oe egneous co nt indepe
netscin hs eut r oprdt assumed to be exogeneous constants, indepen-
next section. These results are compared to dent of time and any of the decisions of the
traditional learning curves in the Learung firm. This permits the firm perfect flexibil-
Curves Section. The paper is briefly summar-ized in the Summry Section. ity in resource use. There are no penalties

for altering the planned rate of resource use.

THE MODEL The firm is assumed to minimize Lhe discounted fl
cost stream incurred to produce V units of
output by time T. The firm's problem may be

The variables of the model are described below: characterized as:

Q(t) -the cumulative quantity of output rin T

at t i e P

Q(t) - dq/dt - the production rate at t . 6 (3)

X(t) - the rate of resource use at t
X 2! 0 O(O) - 0, Q(T) -V

p - the resource price

- the discount rate This is a problem in optimal control. The

C(t) .' the discounted cost of producing details of the solution in a more general con-
Q at o text are given in Womer (14].

T - the total iength of the production The nature of the problem can easily be seen
period by substituting From (1) into (2). This

yields the discounted cost function:

V - the volume of production on the
program attained by T

6 - the elasticity of production rate
with respect to cumulative produc-
tion experience, a parameter de- This function is illustrated In Figure 1. The
scribing learning nature of the problem is , find the proper

time path of production (relatlo ' tween Q
0 a returns to scale parameter and ( ) to satisfy the constraints and mini-

mize total costs. In the figure, total costs
are illustrated by the area of the surface -.

The production function relates the rate of use above the relation between Q and Q.
nf 'wc composite Inp-it and production

84



47 7

learnlng (0<6<i). rhe net effect of these pwo
I A forces clearly depends on the values of the

COST FUNCTION GIVENG parameters Involved, but conceptually costs
may rise at an Increasing, constant, or de-

LEARNING CURVE 6 0 I creasing late with volume. Since C1>1 the
I model does require that discounted costs de-

TIMEClin with the length of the program for a,'
CURING F TI GGIAM given volume of production.

rhe cost function at equation (7) correspondq
to a plannitg situation. It describes tle

behavior (if product ion costs for alte'rnatiye
production programs if the time path of pro-1

- - "- duction rate is chosen in ai optimal manner.*,

The Lime path of cumulative production cost
Q for given V and T iu found by integrating

equation (6) from 0 to t where T. If
Swe then subsitute for t from equation (5)

R/LATION BETWEE Q cumulative cost is related to cumulative out-

OURING A PROGRAM put at any time in the program by:

Figure 1. Cost Versus Production Rate and
Cumulative Quar'. ity C(tlV,T) - [p/(x-l)]a-I (l-6)-' V

.T 

C c (8)

The mathematical solution to the problem at P (Q()J'- [ePT/(I) (8)
(3) Is given by:

The impact of cumulative production, Q(t). on

Q (pt/a_ T1, - costs is different from the impact of planned
' Q() )/(e -)1, /

, - (5) volume, V. While the impact of volume de-

optimal time path of output increases pends on both thel learning and the returns toi- ' ' i " ' Ths otima tie pth o ouputincrase atscale parameters the impat of cumulative pro-

an increasing rate with time throughout the duction is due to learning.

program. At any point in time, cumulative

production is proportionate to volume and de- The cost function at equation (8) describes
cines with tbe length of the production the relation between output and cumulative
period, costs for a given program. This is referred

to as the production situation in contrast to

Differentiating equation (5) and substituting the planning situation.
the result into equation (4) yields:

-p v ' ( - -l) - .EARNING CURVES

(6)
A learning curve which relates cumulative dis-

[e(Le W- 0(~n counted costs to cumulative quantity produced
-( is consistent with equation (8). Also, while

the "intercept" of the learning curve depends

on many factors, its "slope" depends only on
Here we see the rate of cost grows exponen- the parameter which we have associated with
tially with time. Its intercept is determined learning. Thus, a learning e.urve estimated
by prices, volume, the period of production from successive observations on output and
and other parameters. cost during a program is consistent with the

midel.
Equation (6) may be integrated over the lengthd

of the production period to determine the

total discounted cost of production incurred

on a production program defined by V and T.

J ,CV,T) - [o/(u-) " (1-6)
"  V0( -6)

, 
[gT] (- t) ~t-a(7)

-This discussion Implies thiat the empirical

work uses discounted couts in constant dollars

The effect of volume on costE clearly is due although discounting is rarely mentioned in
"'" both to decreasing returns to scale (a>l) and the learning curve literature.
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A AtI "

Learnitig curve*s tr. pat I I, ItI.lr Iv ioIml..r ,, I'lgur: .ii-am ii. ludev, disc ounttd 1 111itti.lve

descrIbr I.: of c,.-.; -. voi i ,I .ft piogi am;. Unii- .Iv g st ts a it full, t. oil of' planned votlone
fortunately, t Ile tl'ta "Il I-,. n 1111, o Il V S in (vqu(llt ion (1) divided by V) . (:ti ve P cor-

eva I oat l Iag new ,l ic .11 1 pa ot.l-g i: . itol .ta ta .y.o rot IIo waysl a to t iL t l., lanii ng S ILit,: ioll. lite h i;-
coilsisteLt Willi li t1.td'.l or Ilel atstihat ltg tory for any given progr:in is exprLmed to fol-

1,1 t it Ion dLeset [m' d tI C4Co. ie lits lot ion low tile letilnilig curve appropriate for theat
be tween o qllal liol (7) aind I h,. )il nng a i I- ing rm's pleuned vol e biltime.: rlat ion
L toll tI which i klli| le .aloof Lie cvi pii teal ei- Iotweet d 1ScounOLed t. umula tiLe .lverig" CLSLS

vtronmeElit in whi, I. caining 4 urve.. arv e:mo I- anld Ilanned volume is give n by Movit g amciG

matted musing equa I otit (M) ,a I rt.qllnt Iy ovel- Ilarnlng curves alo ng Ctiv e P. in this situ-

I ookd . 'Tlhus, 14 .ltll ihg l'Ves e. t ttJni Ltedi atioti L I' Shas the amne general Ai.tlpe IS lhe

albove are used too evaluatie il.lns Unit re hate learnIng m irves, but Its slope, wllI(h depends

COSt t0 Volunt-v )i lew pI*)gt'alt.s WithouL. ri taid on it, is Jiffereli.
to hli: returns to sca J Iarambeter'. Likewi se,

cross ho,'tionadl .0l11 ys.oa I,11 toI dlIitiligultA Ftgure 
"2 also i) Jlustrates :Ile ti fCt of Start-

ite e ell Ite ofl eel.;; of tPitlll ive o l piRl and ing a iroduct ion plan for .. large volume and

Volume Oil Cumli iye O!L.;. then toppu ing productioIon before tile target is

reached. For example, -tartig a program to
The ure of I arnIng curves ctl It,.t cd from ptlo- prodllice 24.0 a ircraft in forty montis and tlnen

duLicnsi programts for tllese pturposes c.lU be stoppinig ofier eighty atIrcirft are produced,

extremely nmjbleaditig. InI comparitg allterna- yields diseouted utiti t-tsos aplproximately
it ve prograums, voltilme a d time are fro' 1,.ontly 20 lerc:ent Ih igher than l oul have boen re-

not fixed. hlut, empiri-oal learning curve. ,!uirod had 80 aterat beett pintied origin-
est inated Wllhout regard to tlhese valatalolls I ly. Time original prodttctIon ilan does pro-
do inot illuilintE ilte tradeoffs available. dhil: tlte aitrraft. il, only 26 monthts, however.

rlis reatlt requtires Chat all Itho e resources
For example, consider a situaion In i which air- which wete valable in lte plannjng situation

craft are to be prdhuced ii t forty moth pro- remain so. if .ome long term conlracts; for

grarm. Figure 2 iillustrates ledrning curve resources Weret signedl fit atit icipation of a

for three different. production programs. In /.0 month producli oil program costs would be
each case, di&counted Cumhulative average costs still higher.
are plotted atgainst nutmber of aircraft pro-

- duced (equation (8) divided by Q()). The li gvoetal, tlte impact of altering T or V
difference among time curvet reflects only Cite during i production program depends on the
fact that their intercept depends on voitme of contractors flexibility In altering resourcte

production, .ill other parameters are tile same. Ilse. If tle planned usage of some resources

Each curve Is characterized by 6 - 2/5 lap- cannot bie altered during the program, addl-
proximately a 76Z learning curve) and -1 4/3, tLonal constraints must lie placed oI the model

and altering T or V dltiring the program is
likely to increase program costs.

ml P ONCfION SITUAmION A second situation Illustrates lie effect of

\ auv., I jo otn the relation between tlue production
Situation:. and tile planning siLtuation. The
curves it Figure 3 differ from those in
Figure 2 due to a being Increased from 4/3

4 to 2. While this dloes titt affect tha slope
sAC" of tie learning durves, it dous change their

. '-intercelt.

Tile effect Ott tlte plannintg situation Is even
more draiatic. lhere, decreasing returns are

-to strang that they overpower tlie effect of
THE L , [1 S f~l&/ii [1 IC learning so that discounted cumulative aver -

Coil age costs Increase with planned Ooltime even
7 though each program Is still characterized by

a 76 petcent learning curve.

' ~ These two ititfltions clearly demonstrate the
AC effcct that d,:creasing returns to I, die call

iave on ahircrauft costs. They cmtaslts1le tile

necessity to estitmate returns to scale anong

Figure 2. Cumulativ Average Costs of Pro- programs aud to augment measured learning
duction. mi - 4/3. curves with this Informat ion for planning

purposes.
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JSU MARY

ME PA0SCT IlJATICN A model of production was constructed from aiONTI \l\ _production function augmented by learning.
The firm was charged with producing to a cus-

\ tomer order lefined by a given stock of output
\-I available at a known point in time. The prob-

lem of minimizing the discounted costs of pro-
duction was then solve ' yield the time path
of production and the program cost function.

0The program cost function was presented in two
contexts, the planning situation in equation
(7) and the production situation In equation

I0 PUMING $IfUAICd (8). The comparison of these situations il-
luminated the role of empirically estimated

.- learning curves in the evaluation of alterna-
tive production programs, and the impact of
altering plans during a production program.
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INTEGRATED MANUFACTURING COST ESTIMATING SYSTEM

H. Elkin, Manager, Pricing and Estimating
Z Northrop Corporation, Aircraft Group

INTRODUCTION soi I |e - $B00M/YR LOSS IN ABILITY|

In the past decades, cost has become an in- 40 VIETNAM
creasingly significant parameter in the design
and development of aircraft systems. Today, W ,(LONG.TERMTREND)
government and industry find themselves oper- 2 30- ...
ating in an environment that entails the re- -J

sponsibility for selecting design concepts,
materials, and processes that, in combination, ..
yield aircraft systems that require the least ......
cost to acquire, operate, and maintain while APPARENT$2IOMRSC APPREN 61SOM YR GAINstil ahieingperormncegoas. FY76AND 7 (ESTIMATE) ATTEMP

ii TO REVERSE THISTREND. ~still achieving performance goals. TO REV76N ERSTIA ATR EM

FY 76 FIRST REAL INCREASE IN
FORCE M30ERNIZATIGN IN 12 YASTwo major reasons can be cited for this cur- 063 64 65 66 67 68 69 70 71 72 73 74 76 76 77 EST

rent emphasis on cost: increasing ownership F3 YEAR
costs of aircraft systems (Figure 1 - this fig- FISCAL YEAR
ure shows thit tile average increase in constant FIGURE 2. DEFENSE PROCUREMENT TRENDS(®dollar terms with inflation removed for fighter
aircraft sys :ems exceeds 5%/year compounded in OSource: AIIE Presentation entitled the "DTC RFP and Propol" by
constant dol ar terms. That is why the DOD Robert E. O'Donohue Jr.. Assistant Director (Plnninl) office
was forced t, develop complimentary lower-cost of the Director of Defense Reserch end Enginering.
alternatives to the F-14 and F-15 fighters; if 14 October1976
left uncheck d, fighter aircraft cost growth
w6uld have e ceeded 9% per annum. If the F-16 integration between the cost and technical

-... and F-18 mee[ their design-to-cost goals, costs communities within government and industry,
will be reduced to a little over 5% per year) where cost analysts, in addition to their tra-willbe edued o alitte oer % pr yar) ditional functions of cost estimating andand a downward long-term trend (in constant anal becoe of cot ith anddollars) of defense procurement funds (Fig- analysis, become more involved with an sensi-
ure 2). Government and Industry are faced tive to requirements of the technical groups,
with the task of most effectively utilizing while the design and manufacturing engineers
these limited funds in the development of air- become increasingly aware of the cost impacts
craft systems, ie., meet performance goals of their designs and manufacturing plans.
with a minimum of cost. Several avenues have
been investigated to solve this problem. The
Design-to-Cost Concept, the implementation of The implementation of the Design-to-Cost
which today is mandatory, has proven to be an (DTC) Concept involves the preparation of
effective way of keeping cost at/or below tar- tradeoffs whereby feasible alternative designs
get levels. This concept promotes the closer generated by Design Engineers and manufactur-

ing plans generated by Planners are evaluated
0 ESTIMATE(LOWMIXPROGRAM) on the basis of cost. The main ingredientsSINFORMATIONONLY necessary to effectively do tradeoffs are

-timeliness, consistency and accuracy. Timely
-" * .. '% support by cost groups allow technical groups

X F-14 -to generate more alternative designs and manu-4 0 /. FleANDF-18 facturing plans thus covering a larger base
F.1 / from which the most cost effective designs• *C 6. and plans can be selected. Consistency and

e° re3 - F4E , F15 accuracy of estimates provide both cost and
F4J[ technical groups with the confidence neces-S2L Fill)* sary for design and manufacturing decisionsg FitAIS-4 r F.II F.Al$ relating to the manufacture of airframe

, J$1.M) - FY74 CONSTANT structures,1 DOLLARS)

701 Timing is a very significant element to be10 1 L8 17 195 10 9considered by the cost analyst. Life cycleexpenditures for a new system span 20 - 30
COSTS FOR BASE SYSTEM SHOWN IN CONSTANT FY 74 DOLLARS years and include development, production,

FIIUREI. FIOHTERAIRCRAFT-1NTHUNIT PROCUREMENTCOSTO operation and support costs. However, the
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major commitment to these expenditures is made Parametric estimating has received wide accep-
during the first five years of the program tance within government and industry primarily
where approximately 90% of costs are locked because of its speed and ease of application.
in. At the completion of the study (Prelim- Its accuracy is depeudent upon the extent, con-
ieary Design) phase, product configuration is sistency and homogeneity of the data base from
reasonably well established. When the product which it was derived. Estimates generated
is finally prototyped, design is solidified parametrically are usually at a level of aggra-
to a point where less than 25% of the antici- gation much higher than those generated through
pated FSD, production and 0 & S costs can be detail estimating. The basic reason for this
influenced. By the time production is initi- is that actual costs, the base from which
ated, tooling concepts, manufacturing and parametric relationships arc derived, are not
facilities plans will have been sufficiently tracked at the level addressed by detail esti-
established that major changes to these non- mating. At lower levels, therefore, pars-
recurring costs become costly and impracti- me..:s becomes insensitive making it ineffec-
cal. Figure 3 illustrates the degree of tive for det..l tradeoffs often required in
co'timetnt to total costs in relation to the Design to Cost implementation. There is a
timsp3pan ,, a % -w systems program. definite need to develop a tow. that is faster,

more consistent, and more sensitive for trade-

%PROGRAM$SPENT offs, less costly and more accurate: so that
the cost community can become respcnsive to

to t50.the requirements of the technical community in
PRODUCTION COMPLETE the joint effort to get a good hanole on cost

: e FIO COMPLETE at the -ritical conceptual stage.
75 CO PET

> o PROTOTYPE COMPLETE
W r_ W Malizing this need, Northrop formlilated a

50'm STUDY COMPLETE plan, depicted in Figure 4, that iflentifies
g - An Integrated Manufacturing Cost Estimating

System. This automated system will provide
manufacturing cost estimates for metallic and
composite structures that are timely, consis-
tent and accurate and at a cost significantly

< ___ _ _t __L lower than that of manual detail estimating.
0 5 IO 15 20 25

YEARS FROM STUDY START

FIGURE 3. COST COMMITMENT

The ,bj t:,ive of D-T-C is to increase the num-
ber of fleasible design alternatives evalua- FINAt ASSEMBLY
ted at this conceptual stage. This allows
for & larger base from which to select the
most eifective designs. PET

In the past, detail estimating (also called IMPMA PRIMARY
"grassroots" estimating) has been relied upon STRUCTURE STRUCTURE STRUCTURE
for consisency and accuracy in estimating.
As used by Northrop, this methodology utilizes
predetermined standards, usually developed ASSEMBLY: INTEGRATION: ASSEMLYby Industrial Engineers to generate esti- COMPOSITE COMPOSITEI METALLICTO.

mates. It uses the "I zoms-up" approach
whereby estimates of :. -uctures are "built-
up" from estimates of detail parts. This
"item-by-item" accounting of structures fabri- METALIC
cation and assembly costs assures consistency P TS
and accuracy in total structures estimates.

The detail estimating approach, however, as it ANOyNUTERIRSANDARDS
is used today has two major drawbacks: lack 4

- of timeliness and high cost. The time and FIGURE4. STEPSTO DEVELOP AN AIRFRAME STRUCTURES
_ effort required te. generate a detail ebtimate COSTESTIMAT;P. mRnDEL

iS considerablo compared to other estimating
approaches, such as parametrics. It requires
-in eytencive amount of input data in terms of The entire system is based on Northrop's In- ) )
design and manufacturing plan definition mak- dustrial Engineering Time Standards developed .. !
ing it a alow and oftentimes costly process. by Industrial Eng-tneers over the years through

90



r stop-watch time studies and other ptedeter- rhe gover nmoit hav bvse very a~grtAv. "
mined time study techniques. Industrial Engi- the developnent of advanced composites te,'h-
neering Standards provide a base for estimat- nology, as indicated by the increasing du:.ar
ing at levels not obtainable through histori- value of total RDT&E - composite related -
cal data. Detail operations are studied and' contracts awarded, in spite of a declining
time values assigned to their basic elements total RDT&E contract funding. Table I illus-
'(PF&D factors excluded) making them valid in trates this for the Air Force Flight Dynamicsany environment so long as operation methods and Materials Laboratories.
and equipment remain the same.

TABLE1 RDT& E AIR FORCE CONTRACTS RELATED TO
This paper addresses the development of five AERONAUTICS HANDLED JOINTLY 6Y AFML&AFFOL"
modules that cover composite detail parts fab- .. AVERAGE
rication, composite assembly, metallic detail i ANNUAL

parts fabrication, metallic assembly, and FY75 FY76 FY77 FY16 PERCENTAGE
Tetallic/composate integration and finalC" INCREASE
assembly. (DECREASE)

ADVANCED 5.EM 7 3M 8 0M 11.110 18%
COMPOSITES

BACKGROUND ON ADVANCED COMPOSITES ALLOTHERS 1,214.6M 1,407.IM 1.2220M 1,101.3M (2%)

TOTAL 1,220.1M 1.414 4M 1,230OCM 1,112.4M (2%)
The first step toward the implumentation
of this plan was accomplished in the devel-
opment of the Advanced Conposite Cost Esti-
mating Model (ACCEM) - a canputer-aided esti- From 1975 to 1976, advanced - composite - re-
mating system for advanced composite detail lated contracts increased from 5.6M to 7.3M,
parts fabrication, This model establishes a 30% increase; from 1976 to 1977 (7.3M to
the basic approach by which all other models 8.0M), a 9. increase; from 1977 to 1978 (8.OMin the plan are to be developed, to 11.1M) a 147. increase. During this entire

time period (1975-1978) total RDT&E funds

Advance Composites is a new technology that fell by 97. Funds spent on advance composites
as a percent of total RDT&E contracts has in-is finding broad applications in the aerospace creased from 0.46% in 1975 to 0.52% in 1976,

industry. Initially, advanced composites were to 0.65% in 1977 and 1.007 in 1980. Other
developed to exploit their inherent advantages members of the defense comsunity have been
of low weight and high stiffness when compared equally aggressive in pushing conposite struc-
to conventional structures. Since the mate- ture applications.
rial was very expensive in developmental quan-
titie3, &n increase in costs or at least no
cost bavings were expected for any aircraft ADVANCED COMPOSITE COST ESTIMATING MODELstructure in which advanced composites were (ACCEM)
substituted for conventional metal.

In the late sixties, Advanced Composites tech-
nology vas characterized by high material A survey conducted by an Air Force Ad Hoc
costs (close to $300/lb for graphite epoxy), Composites Study Team in 1975 revealed that
labor intensive fabrication processes, and d- one of the major inhibitors to the widespread
signs that directly substituted composite use of composites, was a lack of confidence in
material for conventional metals. Since then, composite cost data due to its non-existents.
through exte sive research and development This problem was recognized by Northrop in
supported b) government and industry, and 1974 when the company proposed to develop a
through the ever increasing application of computerized cost estimating methodology based
composites I both the aerospace And commer- upon the I.E. Standards approach for advanced
cial sectors, we see today composite material composites.
costs in tht $30-0/lb range, a variety of
composite terial forms, an increasing per-
centage of Automation of composite fabrica- The ACCEM was developed by Northrop under a
p s nttion, devel ent of innovative manufacturing one-year Air Force/Navy funded contract. The

.ipproaches, and innovative designs that stay objective of this program was to develop a
away from substitution and exploit the inher- computerized methodology for estimating the
ent advantages of composite materials, i.e., recurring costs associated with the fabrics-
simpler designs that result in less detail tion of advanced composite detail parts. Be-
parts and require less tools. We see today, cause advanced composites was a relatively
more clearly than before, the cost competi- new technology, Northrop felt that the exten-
tiveness of composites when applied to air- sive participation of the government and in-
craft structures. dustry members in the developmtnt of this

91



17- - -

program would make the ACCEM a more useful ESTIMATING LABOR COSTS
and worthwhile estimating tool. In the course
of 6ievelopLng the ACCEM, therefore, a free
exchange of ideas and data was promoted and There are four basic steps followed by the
encouraged through various government/industry ACCEM in estimating labor costs: factory
briefings conducted by Northrop. labor standards estimating, Tn-factory labor

hours estimating, support labor hours esLi-
Th-e ACCEM computer model is composed of three mating, total labor dollars estimating.
modules: Factory Labor Standards Estimating,
Support Functions Estimating and Cost Projec-
tion. The Factory Labor Standards Estimating I. STANDARDS ESTIMATING
Module is the foundation of this methology.
It utilizes Industrial Engineering time stan-
daid equations to calculate the "pure" labor Standards, at defined in the context of the
hours associated with the detail fabrication ACCEM program, represent the time required to
op-rations performed for composite parts. In perfor, 2 basic work content of a task, The

additiot,, material requirements in terms of total task includes, in addition to basic work

total st, a- usage and scrap are calculated content, other activities -'at do not dihectly
in detail. This computerized procedure is contribute to the fabrication of a part, such
primed by a description of the parts to be as attention to the personal needs, delays,

fabricated, specifying its construction, the slowdown due to fatigue, coffee breaks, etc.

materials used, and the fabrication processes These activities are covered in what is termed

to be performed. "veriance," as discussed lat, r.

The Cost Projection Module calculates esti-

mated actual factory labor hours at a user- Factory labor standards estimating is accom-

specified production unit by the application plished by Industrial Engineering Standard

of variance factors and improvement cu e equations that are "built in" the Standards

slopes to the factory labor standard hours Estimating Module of the ACCEM. These equa-

generated by the Standards Estimating Module. tions define the standard hours necessary to

Zt also applies the labor, material and over- perform a given operation in terms of physical

head rates to arrive at total recurring cost, characteristics of the part that the operation

Estima':es of unit, cumulative, and cumulative is being performed on. I
average cost at specified production units The equations are primed by description of
are generated based upon user request. part construction, process, and material

form, which are made through -,npdt sheets de.The Support Functions Estimating Module eari- signed for this program.

mates recurring engineering, tooling, qualitys
r-onlrol, manufacturing engineering, and n
graphi,; services as well as support material Industrial Engineering Standard equations were
raudeveloped from basic stop watch time studies

thrtough the application of cost estimating performed in Northrop of vrious composite
relationships (CERs). fabrica'ion operations. These operations

o ACCEM computerized eti- cover layup, part consolidation, core prepa-
ntAn overview s of the in Fgure 5. ration and finishing. The time studies were

mnt~ng system is presented in Figure 5. plotted using decimal hours and rart dimen-

sions as variables. Least squares lines wern
fitted through these plot points. Equations

HCOMPUTEASYSTEM) of these lines define the I.E. Standard eqja-

tion fof that operation.INPUTS S ... UPPORT LABOR !
IPARTIMAT'L [ .... I a RECURRING iexmlofaI..Sudreqtonorn

PRCS II QUALITY CONTROL I A xm~ fa .. Ssladeuto o

OESCRIPVION| GOING a RECURRING I layup of 3" and 12" wide unidirectional
LABOR&O/H TOOLING graphite tape is presented in Figure 6.

SPROJECtIION -- I I
AOPART COMPLEXITY

The cost estimating system contains factors
TOTAL COSTS and equations that quantiLy the complexity of

DETAIL COSTS a composite part. This complexi ,, defined
in terms of bends, is measured by the amount
of additional effort required to form the part

FIGURE E. ADVANCED COMP3SITE COST r.STIMATING SYSTEM to its required shape during the layup pro-
(ACCEM) cess. The hours representing this additional
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TAPE STRIP LENGTH IN INCHES EN R - RADIUS OF CURVATURE
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FIGURE S. LAYUP OF 3" & 12" UNI G/E TAPE CURVATURE WIDTH

effort are added to the total fabrication SNRINK FLANGE STRETCH FLANGE

hours. FIGURE S. CURVED BENDS

Bends have been classified under two major -
categories: Straight Bends and Curved Bends. 2. PROJECTION OF STANDARDS

Straight bends have bend lines that follow a
strilght line pattern. They may be sharp
(abrupt change in ply plane direction) or ra- The standards calculated through the Indus-
dial (gradual change in ply plane direction, trial Engineering Standard equations account
i.e., having a radius of curvature). In only for the basic work content of a task and
addition, straight bends may be described as do not allow for other elements which are part

male (layed up on a male tool) or female of factory labor as experienced in a real pro-
(layed up on a female tool). Curved bends duction environment, such as fatigue, waiting
have bend lines that follow a curved pattern, time for tools and materials, attention to
They cause either a shrink or stretch condi- personal needs, etc. Figure 9 depicts the
tion in the part flanges. Figures 7 and 8 total work content of factory labor.
illustrate these different types of bends.
The hours associated with each type of bend
were derived through a detailed analysis of

data collected from actual observation of PERSONAL DELAYS
layup operations. When laying up on bends, ELEMENTS UNAVOIDABLE DELAYS
extra effurt is required to smooth down plies OFVARIANCE FATIGUE
along the bend line. The amount of extra ATIE
effort required varies for each type of bend OTHER
and is gener&lly a function of bend length -
and, when applicable, radius of curvature TOTAL
and flange w.dth. As an example, smoothing I WORK

down a ply layed up on a male tool along a FACTORYBASIC CONTENT

straight bend simply involves the application LABOR ORK
of pressure along the exposed bendline. For STANDARDS CRNTME
curved bends, however, pre-heating, cutting (SETUP& RUNTIME)
of gores or darts and/or stretching of plies I
might be necessary tc -btain the desired part
shape. These degrees ,4f complexity have
been quantified and are contained in the
Standards Estimating Module. FIGURE$. FACTORY LABOR BREAKDOWN
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Developing estimates of factory labor hours At L4YUP
specified units of ptoduction is 8ccomplishE6
by the application of appropriate variance W134.03

fatr to the stnars Thcese variance. o~0.037

ments which must be accounted for in estimat- '\ INTERSECTIONY

Ing the total work content of factory labor. N* :567I

In applying variances to the standards, the V - 23.24N0 B0

computer caloulates the appropriate varianceV factor by solving the variance equations de-
veloped in this program. These variance equa-I
tions define the factors to be used given the
unit number and the process involved, i.e.1 _____

iayip, part consolidation, core preparation0100000
or finishing. The variance application rou- UNIT NUMBER
tine I.- pe.-fo .oed in the cost projection mod- PART CONSOLIDAlI 10'
ole of the ACCEN. 0-_______

The development of the variance and improve- V GIN064
mLnt. curve equations werc based on fiberglass IINESCIN
and aluminum honeycomb core fabrication data. N -5.56
Fiberglass experience was selected as a base V - 12.91
for developing variances for composite related
operations, i.e., layup, part consolidation,
and finishing, because of its close similarity V>56N3 6

rication. Variances for each process, -.e.,

actuai hours divided by standards, were plotted
on logaritbmic charts. 174

0 1 100 1000

Amclysis of these plots shows the distinctive UNITNUMBER
behavior of variance points in relation to HCR
production units, i.e., the initial units have 1001CCR

greater fluctuations about a least squares
line And show a much steeper slope compared
t-) the latter production units. To more
closely simulate these act~ual experier~es and 16.83

be sensitive to these observed characteris-
tics, the "dog-leg" approach was fitted ______

through the initial 10 plot points (represent- to
in& units 1 through 10) and then throubh sub- >
sequeat points. The two best fit curves were 154399
then tride to intersect to determine the break V - 1397 + N
point In the "dog-leg" curve. A lentv

approach that %ias investigated was the hyper-
bolic function of the forms Y-A+ _

A0 +10 1000
These curves have a shape in the logarithmaic UNIT NUMBER
grid that Is similar t6 a logarithmnic "dog-

Nleg", i.n., the slopr i these curves starts too
out steep and grae.' . y flattens out as the 35.19 4.6035
number of units incredse. Variance curves for V 35.19N
layup, cove preparation, part consolidation V
and finishing are illustrated in Figure 10. i *. NERE.T7N

LU V 12.22 z

3. SUPPORT LABOR ESTIMATING V.23,94N43 1

Support labor covers the recurring activities 37
performed in support of the factory effort.

IThi : izialudes recurring quality control, engi- 0 0 100 1000

neering, tooling, planning an~d graphics ser- UNIT NUA&BER E
viceq. Facts of the support Labor functions is
est' ,ate4 as a percentage of factory labor. FIGURE 10. VARIANCE CURVES
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This procedure follows two steps. Fitst, the I"

appropriate factor is determined by solving ---

the equations that have been developed in the
ACCEM for each of the support labor elements.-
These equations (cost estimating relationships) )f
relate the factors to be applied to labor to UNID o
the production unit number. The derived fac- TAPE---._-------- - ,
tors are then applied to factory labor hours WIDTH - 3"
to arrive at labor hours for each support labor --
element. T
The support labor equations were developed 25" -
based on Northrop's fiberglass fabrication
history. The user, houever, is provided the TOTAL MATERIAL USED - 15x25 - 37594qn.

option of using his own factors, This option SCRAPMATERIAL - (15-14)x25 25%qin.
can be exercised through the cost projectioninput sheets; this automatically preempts the PRODUCTION MATERIAL - 375-25 - 350 sqtn.

support labor equations contained in the
program. PAODUCTION

MATERIAL xaTHICKNESS x DENSITY (Ibslcu in.) WEIGHT O

4. LABOR RATES APPLICATION TI NPRODUCTIONMATERIAL x UNIT COST ($11b} - PRODUCTION
WEIGHT :MATERIAL COST {$)

Labor hours estimates for factory and support
are projected to dollars through the applica- PROOUCTIONMATERIAL ESTIMATING
tion of labor rates, which are provided by the

dser through the cost projection input sheets
of the ACCEM. The CER FOR Manufacturing Allowance i as .

follows:

MATERIAL ESTIMATING HA$ - (0.0271$) + (SCRAP$)

1. PRODUCTION MATERIAL ESTIMATING where:

MA$ - Manufacturing Allowance
Composite material costs are also estimated FL$-- Factory Labor Dollars
by the ACCEM's standards estimating module.
From inputs that describe the dimension3 and SCRAP$ - Scrap Material Dollars
orientation of each ply, the computer deter-
mines the minimum amount of composite material The scrap material costs are calculated in tka
necessary to cover each ply, in multiples of same manner as production material and becomes
the composite raw material width. The mate- part of manufacturing material allowance.
real used for each ply is then accumulated to
determine the total material usage. Scrap is
calculated by the difference between the net SUPPORT MATERIAL
ply area and the area covered by the material.
To illustrate this procedure, an example is -
presented below. Support Material coosists of purchased parts,

equipment standard parts, and process material
required to suplort the fabrication of compos-

Production material costs are calculated by ite parts. This category covers tooling, en-
taking the net material used in square inches gineering and allocated material, and includes
(total material usage - scrap) and converting such items as vacuum film, Oenaburg cloth,
this into pounds by applying the appropriate themocouple wire, teflon, potting compounds-
density factors resident in the program. The and adhesive gents.
cost par pound of this material is then ap-
plied to the weight of the net material used The CER for Recurring Support Material is as
to obtain production material dollars. follows: R1

2. MANUFACTURING MATERIAL ALLMSANCE = 0.30 (1Mb)
wheres e

Manufacturing allowance accounts for the cost
of rework and scrap material experienced in SM

- 
Support Material Dollars

the production enviroement. DK$ - Direct Material Dollars
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ES1TIMAT11% AO VLKAMTEILBRE The data generated will show in detail
AND G & A the areas where cost differences lie and,

therefore, enable the user to determine

-e where, when and why a design concept is

Labor overhead is estimated by the cost projec- wore cost effective when compared to

tion module of the ACCEM by applying factors other concepts.

to factory labor dotlars. The cost projection

input sheets allow the user to enter the ap- * Cost Effective -- The application of tbe

propriate labor overhead factors. ACCEM requires considerably less time
and Manpower than does the manual detail

it- the same manner, material burden is calcu- estimating process.

lated through the application of material bur-

den rates to total material, i.e., production a Adaptability -- The ACCEM has been struc-

material, support material and manufacturing tured to allow the incorporation of new

material allowance. nrocesses, materials and equipment as
data iL, -Ies available.

Generii 3nd Administrative costs are estima-
ted as a p.,:en. ige of total labor and mate-

rial (including labor overhead and material ACCEM MODIFICATION

burden). This percentage is likewise speci-

flied by the user in the input sheets.
A project to modify the ACCEM is currently
being planned. The objective of this modifi-

cation I- to make the ACCEM an even more ef-

ACCEI FEATURES fective to~l for composite cost analysis. ItI will incorporate new standards, new methods,

new materials and new ideas generated through
The salient features of the ACCEM that ma' . feedback from the various ACCEN users in

an effective tool in cost analysis are as industry.
Eollown:

Specific areas identified for modification

0 EscimaLes in detail -- The model identi- include: :1
fies the detail operations involved in
fabrication and determines, from its

broad Industrial Engineering Standards * Input Methodology j
base, the costs associated with each of
these operations, in addition, it is, Inputs to the ACCEM are being redesigned

capable of estimating total material for simplicity and adaptability to an
usage, costo for each type material, "on-line" mode. The number of input

material scrap factor, and weight of sheets will also be cut down from the

the part. As a result, high cost areas current six pages to one.

related to design and manufacturing pro-
cesses become readily identifiable - a * Output Data

very significant facet in design/process
evaluation. The Modification effort will provide

users with a selection as to the type

* Fast -- The computerization of this meth- of output desired. Three basic types

odology provides the capability of will be provided:

generatifig timely cost information. In

addition, it ouickly responds to changes I) detail-showing all detail opera-

in a design, material process, and other tions, parameters, and calculated

paramnters that itP" t costs. labor and material;

2) standard - showing operation cate-
• Trade-off Capabi..Ly -- This system wds gories and calculated labor and

designed to be sensitive to alternative material costs; 4
manufacturing processes and parts design. .

This sensitivity provides the user with 3) Summary - showing labor and mate-

the capability for determining relative rial costs for the structure.

cost differences between alternative de-

signs end manufacturing processes, at a
total level or at a detailed level. Sc0 Scope --

This trade-off capability exists in all

phases of composite structures develop- The scope of the current ACCEh will be

mont. At the conceptual level, this sys- expanded to include the assembly of

ten can generate all sample data required composite parts; other composite mate- A
to make a reasonable assessment and eval- rials such as Boron, Kevlar, etc.; mate-

uation of alternative design concepts. rial price fluctuations; production

964%



rate changes and their impact on manu- rbricatLion of s110t metal partn. rhc SMAF.M
facturing costs; new composite manufac- will provide an estimating capability appli-
turing methods such as automated cut- cable to operations including cutting (e.g.
ting techniques; automated ply transfer, shear, saw, rout, punch, drtll), forming (e.g.,
etc. hydropress, brakepress, drawpress, drop hur'.er,

stretchwrap, roll form), and other operations
Q Standards necessary to complete the fabrication of parts=1 made from alumi:Jmn sheet stock.

Industrial Engineering standards in 
the

ACCEM will be updated based upon most
recent Industrial Engineering Studies Since a relatively high portion of Northrop's
of composite operations. These new manufacturing effort addresses aluminum sheet
standards will increase the system's ac- metal fabrication, a computerized m~thodology
curacy and consistency in estimating, offered significant potential benefits. The

SMICEM will provide these benefits for esti-
mating sheet metal parts as well as serve as

The ACCEX concept has become the basis or a model for the other areas of metals
foundation for an extension into other cost fabrication.

estimating modules.

Estimating factory labor hours associated with
The Second part of Northrop's overall plan is sheet metal fabrication involves I) determin-
the development of an estimating system for ing the manufacturing concept, 2) defining the
metallic detail parts. Two major models are manufacturing plan by identifying the opera-
currently being developed by two project teams tions in sequence, 3) identifying the basic
in Northrop: The Sheet Metal Automated Cos. standards data associated with those opera-
Estimating Model (SMACEM) and the Machine! tions, 4) applying the data to calculate set
Parts Automated Cost Estimating Model (MPJCEM). up and run time, and 5) applying variance fac-

tors and learning curves to arrive at esti-
These two models cover the cross-hatched por- mated hours. The SMACEM approach augments thethon of Figure r. fundamental Industrial Engineering Standardsapproach with the application of Standard Man-

ufacturing Plans to as::ict with step 2) as
INTEGRATED well as steps 3)'- 5).

COST ESTIMATING Standard manufacturing Plans identify the op-

erations generally involved with a particular
manufacturing concept. They aid the planning

FINAL ASSEMBLY process by providing a baseline of common ele-
rents. These standard plans wre compiled
from analysis of the shop plans generated for

ALL COMPOSITE COMPIMET ALL METALLIC normal production operations.
SECODAR/ SCONARY SECONDARY/

PRIMARY PRIMARY PRIMARY
STRUCTURE STRUCTURE STaUCTURE The SMACEM contains over thirty standard plans

from which the user can select and modify if
necessary to fit the unique characteristics
of the part. Based upon user-specified physi-

ASSEMBLY: INTEGRATION: ASSEMBLY: cal and operational parameters the SMACEM iden-COMPOSITE.TO. COMPOSITE/ METALLIC-T0.
COMPOSITE METALLIC ASSY METALLIC tifies the associated standards basic data and

applies the data to calculate set up and run

time standards.
COMPOSITE

DETAIL As of this writing, the SMACEM computer pro-
PARTS gram is being installed at Northrop, and is

expected to be operational in July 1978. The
R Enext activity will be to expand the model to

iNUSTRIALENGINEERINGSTAN AfOS cover other materials (e.g. titanium, steel,

and magnesium) and forms (e.g. extrusions,FIGURE 111. TIEPgTO DEVELOP ANl INTIEGRATIED ue)

MANUFACTURING COST ESTIMATING MODEL

MACHINED PARTS AUTOMATED COST ESTIMATING
SHEET METAL AITONATED COST ESTIMATING MODEL MODE. (MPACEM)

(SMACEM)

Northrop i'. nearing completion of the dvelop- The detail cost estimating procedure currently
___ ment of the computerized methodology for esti- uscd at Northrop provides a methodology for

mating factory labor hours associated with the deriving accurate factory labor cost estimatesit 97
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for detail machined parts. The procedure is and 2) machining feeds axid speeds, number of
basically a manual effort from the time an cuts and machining standards. The logic will
engineering drawing or statement of work is be developed from detailed analysis of the
analyzed and a process plan developed to the present and expected standard application
breekdown of the operations into their work methodologies. Currently, they are not well
content, application of associated labor stan- defined or s-.mdardized. Each estimator uti-
dards and summarization into a cost package. izes his ow decision paths to determine the
This procedure is lengthy, time consuming and methods .and standards to manufacture a part.
complex because of the numerous alternate Since there are several alternate ranufactur-
product types, machine capabilitie2 and shop Ing paths and interpretations of the data in
practices to be considered. The current situ- the Basic Standard Data Manual. stAndard appli-
ation is such that cost estimates must be cation inconsistencies do occur. This system
developed faster in order to meet proposal will direct estimators toward more accurate
deadlines, yet still maintain an acceptable u-" -onsistcnt results by minimizing the sub-level of accuracy, consistency and audittbility. jectivity -eiated with interpreting the

i Th } A - i edue th stndads pplca- Basic Standard Data Manual.

Lion manhours by controlling most of the man-
ual decisior. making effort relative to defin- PARANEIRIC MODELING
ing the detail work cont-.nt and applying as-
sociated labor and machining standards. The
approach will entail use uf feasible data Our previous discussion has been couched in
management tecltique such at groupig data terms of addressing Northrop's copt estimat-
into higher leveL categories or averaging labo- ing metho,'.alogy and the expansion of the
stundiards based an analys:s of types of prod- Advanced Composite Cost Estimating Yodel as
ucts and machining .ethods. Furthermor., it'-. well as the development of estimating systems
conceivable that techniques used in existing for sheeE metal fabrication and the machining
computer systems developed by other companies of metallic parts. As you recall, all of

will be incorporated in FeACEM when the these systems are based upon "grassroocs"
rmethocol,,gy or rtandard data are compatible, estimating i.e., total structure estimates

are built up from detail estimates of the
1PACej will tie-in to Northrop's future Com- structure's components.
puter Aided Manufacturing (CAM) system and
other business systems. The CAM project is However, parametric estimating which is based
planned to integrate the design, process on Cost Estimating Relationships (CEPR's) is
planning and standards application functions, still with us and is accepted and widely em-
The benefits associated with CAM are encourag- ployed by both government and inlustry be-

ing and represent a tool to increase the pro- cause of its speed and ease of application.
ductivity of today's cost estimator. This technique utilizes mathematical rela-

tionships, Also called Cost Estimating Rela-
tionships ( ER's), derived from historical

SYSTEM DFSCRIPTION data that relate physical parameters of a
structure to cost. Parametric equations range

from very gross rules-of-thumb type relation-
MPACLMN1 will have the capability of 1) providing ships to more detailed multi-variate equations.
set up and run standard hours by machine type, Its accuracy is dependent on the extent, con-
operation and work element, 2) providing a sistency and homogeneity of the date base
summary total of standards by part and 3) pro- f'om which it was derived. For new technol.
viding timely output reports and various for- ogies, such as advanced composites, relevant
mats. Furthermore, the system will be designed historical data is lacking or non-existent.
so as tc minimize the - e to maintain the sys- A by-product of Northrop's effort in the de-
ten logic or create n, output formats. velopment of autolmated estimating systems

t rbased on Ind.uqtrial Engineering Time Stan-
Th~s system will replace most of the currint dards will be the capability of generating a
manual effort associated with defining the homogeneous set of cost data to derive CFR's.
work content of d-itail machined parts, apply- This date will be virtually unlimited; thus
ing labor standards to the work content using the potential for increased accuracy and re-
Northrop's Basic Standard Data Manual and pre- liability will be substantially enhanced and
paring all handwritten backup documentation, far superior to current CER's that are based
ThOHc objectives will be achieved with compu- on historical data. See Figure 12.
terizud methodologies initiated by input data
provided by cost estimators defining the part Dependent variables, sech as factory labor,
size and shape, material type, machine types, standard hours, total recurring co-,., etc.,

machining operations, holding devices, cutting and independent variables, such as weight.,
tooln and metal removal requirements. Using surface area, etc., can be abstracted from
this input data, the system will compute 1) the outputs of the ACCF., the SMACFM, and the
the eplicablc work elements and labor standards, MECEK. For exarple, reg ession analysis can
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mate fo" a new fighter aircaft mid the ,oity J

information which is provided is the appiuoxi-
mate size, type of construction and maturiitl
form. With just this information being desig-
nated Northrop w4ll have the capability to
generate an ebtimate for the aircraft in de-
tail by just changing a few cards in the data

SUMMARY
f. 0S Y

Cost has become a significant parameter in the

design and development of aircraft systems.

IDesign-to-Cost is a concept that is being im-
plemented throughout industry to attain better

o,, , control of cost. especially at the early stages

,, rn of aircraft systems development.

'_ To be effective, Design-to-Cost tools must be(I l available during the early stages of design

development. Current tools for estimating,
i.e., parametrics and "grass-roots" have their
merits but are inadequate for the requirements
demanded by Design-to-Cost (i.e., accuracy,
speed, and sensitivity to detail design and

M manufacturing process variations).
ItCAKA To respond to these requirements, Northrop

has implemented a plan to develop a computer-
FIGURE 12. PARAMETRIC ESTIMATING ized methodology utilizing the Industrial

Engineering Standards approach. The first
phase of this plan was accomplished in the

be performed relating surface area and stan- development of the Advanced Composite Cost
dard hours in an unlimited number of generated Estimating Model (ACCEM) funded by the Air
outputs with the resulting equation (CER) used Force and the Navy.
for parametric estimating. An increase in the
number of estimates generated will increase A capability similar to the ACCEM is currently
the accuracy and reliability of the relation- being developed in-house for metallics. The
ship. This capability can be expanded by final goal of this plan is the development of
adding parts to make up ass.:mblies; by adding the Integrated Manufacturing Cost Estimatingassemblies to make up sections; and by adding System which will estimate costs of total com-

sections to make up the total airframe. This posite/metallic airframes and structures in
will provide Northrop with a total cost data detail as well as for proposed weapon systems
bank. For example, if a request is made by by parametric sizing.

'S
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IN DEFENSE OF BEST-AND-FINAL OFFER

Lucille S. Schlosser, Headquarters Air Force Acquisition Logistics Division

It is time that someone spoke up for that negotiations shall be offered an equltable
much-maligned event in the source selection opportunity to submit such pricing, technical,
process called best-and-final offer. The or other revisions in their proposals as may

most interesting aspect in the continuing result from the negotiations. All offerors
bitter and biting criticism of that process shall be informed that after the submission
is that it comes primarily from the aerospace of final revisions, no information will be
industry. One of the latest was an article furnished to any offeror until award has been
in the Defense Systems Management Journal made. Modifications of proposals received
which alleges that the "procedures places after the submission of final prices shall be
(sic) the procurement process in the realm considered only under the circumstances set
of a used car auction . . ." (1:2 and 1:3) forth in ASPR 3-804.2(b) (relating to late
There are still a few of us around (but proposals)." (1:343)
apparently not many!) who remember that the
process was instituted as a result of Note that we could negotiate with only 'one
complaints by that same industry. They very proposer, if, in the Judgment eft con ract-
vigorously and insistently stated that some ing officer, that one proposal was clearly
common cutoff date had to be established to the best.
prevent auctioning. How then did the best-
and-final offer, which was devised to resolve Also note that, if negotiating with more than
that complai t, later become the culprit in one proposer, "auction techniques" were for-
new allegati ns of auctioning? bidden, but the reference is in relation to

improper indication of a price which must be
Let us review some history. In 1959, the met. Multiple negotiations could be held
ASPR read as follows: successively with those who submitted tech-

nically acceptable proposals, but each must
"(a) The normal procedure in negotiated be offered an opportunity to submit a "final

procurements, after receipt of initial revision." There is no mention of a single
proposals, is to conduct such written or oral cutoff date forall-r'ri-l-n's.
discussions as may be required to obtain
agreements most advantageous to the In practice what happened was that proposers
Government. Negotiations shall be conducted maneuvered very carefully not to be the first
as follows: to submit "final revisions." Their reasoning

was that they were afraid those prices would
(I) where a responsible offeror submits. leak and their competitors would come in

a responsive proposal which, in the contract- below them. Sometimes they submitted a
ing officer's opinion, is clearly and sub- revision consisting of a portion of that
stantially more advantageous to the which they were willing to reduce without
Government than any other proposal negotia- calling it "final" and waited to see if the

tions may e conucted with that oferor contracting officer was going to accept it or
only; or if he was going to negotiate with someone

(ii) where several responsible offerors else. If the proposer found that in fact
submit offers which are grouped so that a negotiations were going on with others, he
moderate change in either the price or the often submitted another revision. The
technical proposal would make any one of the situation became like a game of tennis with
group the most advantageous offer to the three or four balls in play.
Government, further negotiations should be
conducted with all offerors in that group. There were many criticisms of this system.
Whenever negotiations are conducted with more There were accusations from industry that

than one offeror, no indication shall be evaluators and/or contracting officers were
made to any offeror of a price which must be arbitrary in their decisions to negotiate
met to obtain further consideration, since with only one proposer; there were claims of

such practice constitutes an auction technique leaks (deliberate or otherwise) which led to
which must be avoided. No information regard- aucttonihg. Contracting officers complained
ing the number or identity of the offerors of harassment by aggressive competitors 
participating in the negotiations shall be during the successive nagotiation cycles and
made available to the public or to anyone of an inability to pin proposers down to a
whose official duties do not require such "final revision."
knowledge. Whenever negotiations are being
conducted with several offerors, while such In 1962, the ASPR was revised to alleviate

negotiations may be conducted successively, thatoissue follow:
all offerors participating in such that issue follow:
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"(a) After receipt of initial proposals, Atithe end of these dlcusslons/negotlations,
written or oral discussions shall be con- all competitors remaining in the competitive
ducted with all responsible offerors who range have one final opportunity to submit
submit proposals within a competitive range, revisions which (since 1973) must be received
price and other factors considered.., byla common cutoff date established by the

contracting officer.

(b) . . .Whenever negotiations are con- c
ducted with several offerors, while such What :complaints came from this system? First
negotations may be conducted successively, welhave had the allegation that we do tech-
all offerors selected to participate in such nical leveling in our discussions, but most
negotiations (see 3-805.1(a) above) shall be of all we have had the allegation that best-
offered an equitable opportunity to submit and-final offer procedures constitute auction-
such price, technical, or other revisions in' The problem is that we hear that
in their proposals as may result from the complaint, rc' matter what method is used to
negotiations. All such offerors shall be clbse negotiations but we hear no solutions.
informed of the specified date (and time if Itlwill be very interesting to see what comes
desired) of the cosing of negotiations and out of the requirement in the four-step
that any revisions to their proposals must approach for a common cutoff date for final
be submitted by that date. All such offerors proposals. Even though negotiations oiay sub-
shall be informed that any revision received sequently take place with one offeror, won't
after such date shall be treated as a late tnat common cutoff date be viewed t industry
proposal in accordance with the 'Late asia last-and-final chance and therefore be
Proposals' provisions of the request for considered as having auctioning ove:rtones?
proposals ."(2:354.1)

In fact, such allegations were madC in
Note the requirements to negotiate with all connection with the test cases, i.e., that
those "within a competitive range," the first contractors offered buy-in proposal's at this
time that phrase appears. Contracting point, after having "discovered" that
Officers wEre required to inform proposers competitor(s) were below them in price.
of a specified date and time of closing of (3-20)
negotiations and to apply the provisions
concerning late praposals after that date. I consider some common cutoff date a necessity

unless we return to the 1959 system of
This revision deleted the authority to negoti- discussing/negotiating only with the one who
ate with only one proposer unless award could appears best technically on the basis of the
be made without further discussion, and original proposal without allowing any
unless a notification as to that possibility revisions. It appears that negotiating with
had been placed in the request for proposal. one proposer is economical, both to the

Government and to industry. Would indu3try
Now, we had ostensibly taken care of the be willing to accept the fact that, if they
problems under the previous method, but note misuhderstood the terms of the request for
that "competitive range" was in no way proposal in any way, they would not have an
defined. Also, there was still latitude for opportunity to offer supplemental o,.
the contractors to submit more than one corrected material? Would the Government be
revision since the words "best-and-final willing to take that same chance, that some-
offer" or "common closing date" do not appear. one highly competent might misconstrue and

thereby lose all opportunity for award? Some
So once again we had allegations of unfair Government negotiators offered as a criticism
limiting of numbers of competitors and the of the test of the four-step approach, the
contracting officer was aselged by numerous inability to hold any extensive discussions
changes from the comoC ng contractors up prior to selection of the one with whom to
until he declared negot',ations "closed." negotiate. But we must keep in mind that GAO

his ruled that there must be an opportunity
The words regarding test-and-final offer and at a common time for best-and-final offers
common closing date are relatively recent. if any questions are discussed with any of
They did not appear in the ASPR until the proposers, and therefore we are
May 1973. immiediately back to the perception of auction

if any discussions are necessary.
And ohere are we today? Since 1962, up until i
the recent test of the so-called "four-step" Or, even if we negotiate with more than one,
4 proa h, enntra~tin ngrricovs have had no would we really want to comlete negotiations
eltitude to negotlate with only one ropost ,. down to a finn handshake on price? ould theThey ave carried on extensive paral el contracting officer be accused of deliberately $
negot ations with all those In the competitive accepting offers that were noncomptitive in
range and competitive range is given a very order to force out some proposers?
broad Interpretntlon hn tho current ASPR.
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In 1972, in an article printed in the NCMA in the competition as the source selection
Anthology, a vice-president of one of the process evolves. Without some provision
major aerospace contractors, in discussing a for a date for the final offer, that is
then-new NASA directive, stated that the exactly what would happen--again!
directive "... also recognizes that efforts
to obtain, in the process of evaluation and
selection, detailed commitment in contractual REFERENCES
form from each of the competing sources lead
inevitably to auction techniques . . ." (1) Defense Systems Management Review, Vol 1,
(4:83) So, if we tried to establish firm, No. 4, Autumn 1977, "Can Weapon System
final agreement during the negotiation Procurement be Managed?" by Dr. Albert J.
process, we would return once more to the old Kelley.
allegations of auction.

(2) Armed Service Procurement Regulation,
The four-step method is an attempt to compro- 1 October 1959, 3-805.1
mise the obvious disadvantages posed by the
above questions. It has many positive (3) Armed Services Procurement Regulation,
aspects, although I do not believe it will 30 September 1969, Rev 11, 3-805.1.
eliminate the problem of buy-in or allega-
tions of auctioning as long as we have (4) Electronic News, April Il, 1977. "Out
"discussions" followed by a best-and-final of Step" by Jack Robertson •
offer, even though that process precedes
negotiations with one offeror. (5) H. W. Neffner, The Boeing Company,

reprinted in Vol 2, NCMA News LetterWhile there has been much ado in recent Anthology, January 1973, from a speech
years concerning the erosion of the authority given February 11- 1972 in Los Angeles,
of the contracting officer, it appears California, South Bay Chapter, NCMA.
highly unlikely that we will be able to
revert to the authority he had in 1959. If
we could, then at least on smaller or less
complex procurements, which do not require
full scale source selection procedures, we
could permit the selection of one competitor
with whom to negotiate without any require-
ment for discussion and revisions. The mere
fact that this could be done would force the
submission of the best possible offer on thefirst round of proposals, and selection of

one with whom to negotiate under that
system would eliminate any need for best-and-
final offers.

However, having experienced the difficulties
that can be caused by numerous, uncontrolled
"revisions" in the 1959-62 era, it does not
seem realistic or practical or desirable
to eliminate a conmmon cutoff for revisions,
including price revisions, if discussions or
negotiations or clarifications--call it what
you wish-..are going to go on with several
proposers, either under the four-step method
or under the ystem of parallel negotiations.
Notwithstandir dthe criticism leveled at
best-and-fina offer, it seems the only fair
way. It can be abused, but I believe the
allegations 0 abuse to be overstated.
Repetitive requests for best-and-final offers
are not the norm. Nevertheless, any admin-
istrative procedure can be abused and this
one has been both abused and misused by both -

parties. Nevertheless, there seems to be
no reasonable alternative. It is not
credible that proposers or the contracting
officers want to return to a system of
repetitive revisions precipitated by the
competitors' perception of where they stand
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FOUR-STEP SOURCE SELECTION
MEANINGFUL DISCUSSIONS STILL A PROBLEM

Laurence M. Smai l, Esquire
Counsel

Applied Technology Laboratory
US Army Research & Technology Laboratories (AVRADCOM)

Fort Eustis, Virginia

As part of revised Department of Delense (DOD) regarding their cost/price proposals.
Directive 4105.62, "Selection of Contractual Such discussions may include:
Sources for Major Defense Systems", a service
test of a four-step source selection concept (i) cost realism;
for the selection of sources and negotiation of (il) mathematical errors or in-

contracts for advanced, engineering and opera- concfitencies;
tiou.a systems development was established.' (iii) correlatiox. between costs
The fou:-i Lep irocess was initiated to Aiaprove and reluted technicJl &ements, and
weapons system6 source selection and to correct (iv) other cost/price factors
the alleged procurement abuses of government necessary for complete understak,,-

tuchnical levelin and auction techniques, and Ing of both the Governrent require-

industry buy-ins.1 ment and the proposal for meeting it,
including delivery schedule, otherThe four steps In the process are briefly sum- contract terms, and trade-off con-

marized as follows: stlodrations (with supporting rationale)
among such elements as performance,

(1) Solicitation, submission and evalua- design to cost, life cycle cost, and-I

t1on of technical proposals, logistic support. Offerors shall be
afforded a reasonable opportunity to

(2) Submission and evaluation of cost/ correct or resolve deficiencies and

price proposals, submit revisions to either their tech-
nical or cost/price proposals.

5

(3) Selection of contractor, and .(Emphasis added)

(4) Negotiation and award of definitive The normal (not the special test) language of
contract.

3  
ASPR concerning discussions wich offerors pro-
vides for the identification of proposal de-

The Arned Services Procurement Regulation (ASPR) ficiencies in the technical anv. cost/price

language applicible only to the special four- areas and the opportunity for offerors to sub-

step test process was promulgated in Defense mit revisions to proposals based on those dis-

Procurecwnt Circular (DPC) 75-7, Feb. 27, 19764, cussions. Importantly, a "defiriency" is de-
and modified the ASPR 3-805.3 (1975 edition) fined, "as that part of an offeror's proposal
languag~e by adding the following paragraph which would not satisfy the r,'vernment's re-
dealing with Discussions with Offerors: quirements."

6

(b) In discussing technical proposals This dichotomy in handling discussions of pro-

for procurements involving advanced, posal deficiencies between the normal and

engineering or operational systems special test programs has caused misunder- .h
development (see (4-101)), contracting standing and confusion on the part of both
officers shall apprise offerors selected industry and government.

to participate in discussions of only
those identified Jicieucies in their Although seventeen DOD programs were selected
proposals that 1, " to a conclusion 'as four-step test program candidates,

7 
only cj

that (i) the meaning of the proposal two have gone through the complete procure-
or some aspect thereof is not clear, ment cycle including protest to the Comptrol-

(ii) the offeror has failed to ade- ler General of the United States.

quately substantiate a proposed tech-
nical approach or solution, or (iii) The grounds of protest to the General Account-
further clarification of the sol!.ci- Ing Office (GAO) in both the protest of
tation is required for effective compe- AiResearch Manufacturing Company of Arizona

8

tition. Technical deficiencies clearly and GTE Sylvania. Inc.w, centered, inter sle,
relating to an offeror's management on the Government's alleged failure to condct
abilities, engineering or scientific meaningful discussions i.. violatior of DOD

,his lack of competence Directive 4105.62. The meaningf,' discus-of inventivene sion issue arose primarily because the govern-

proposal shall not be diclosed ment four-step evaluators and negotiators are
Meaningful discussions shall be con- not permitted to discuss an offeror's techni-
ducted with the respective offerors cal proposal deficiencies relative to his
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771
t management abilities, lack of competence or leveling,

18 
as t /idenced by the NASA and DOD

inventivenens, or engineering or scientific procedures.
judgment. During the discussion period offer-
ors may be apprised only of those identified In the protest of Sperry Rand Corporation,

19

deficiencies in their proposals that leas to GAO interpreted the phrase "discussions with
a conclusion that "(a) the meaning of the pro- offerors within the competitive range" to in-
posal or some aspect thereof is not clear (b) elude the identification of ambiguities and
the offeror has failed to adequately substan- uncertainties, but not tec)nical deficiencies.
tiate a proposed technical approach or solit- The underlying rationale is that tc point out
ton, er (c) further clarification of the deficiencies during discussions would unfairly
solicitation is required for effective compe- compromise the competitive process by leveling
tition.'

10 
Thus both industry and government the techntcal disparities between 'he weak and

contract negotiators have difficulty in deter- strong corpetitors.
2 ,

mining what constitutes a proposal deficiencv
vis-a-vis a proposal clarification. GAO has acknowledged ibe potential In research

and development procurements for the disclo-
Although distinguishing between proposal defi- sure to other complenstors of the "fruits of an

A ciencies and proposal clarifications is rela- offeror's innovative efforts."
21 

Thus, the
tively new to DOD participants in the four- weaknesses in a protestor's proposal were
step selection process, GAO has had occasion deficiencies only in comparison with relative
to deal with similar matters in several NASA strengths of the selected company. Therefore,
procurements.

11  
The DOD four-step source se- discussions concerning deficiencies and com-

lection procedures are very similar to NASA's parative weaknesses would inevitably inyolve
in that discussion of proposal deficiencies technical "leveling" and "transfusion" H
or weaknesses are specifically prohibited.

1 2  
To avoid this technical transfut.ion and level-

Both procedures state the need to allow com- ing, discussions could be properly limited topetitve-range offerors the opportunity for the clarification of proposals. Thus,P

discussions of technical proposals to clarify " where the neaning of a proposal is

or substantiate the proposal, or clarify clear and [evaluators have] enough information
solicitation meaning when needed. Also the to assess its validity and the proposal con-
procedures specifically prohibit discussions tains a weakness which is inherent in the
of technical weaknesses (NASA's term) or proposer's management engineering or scien-
deficiencies (DOD's term) relating to an tific judgment or is the result of its own
offeror's lack of competence, diligence, in- lack of competence or inventiveness in pre-
ventiveness, or lack of management abilities, paring its proposal, the contractipg officer
engineering or scientific judgment.

1 3  
shall not point out the weakness."

z

Since the DOD procedures are comparable to the GAO on rultng on the question of whether or
NASA procedures, GAO has used their prior de- not the statutory requirement for discussions
cisions involving NASA procurements as an aid required the identification of all deficien-
in deciding the DID four-step source selection cies and veaknesses, stated:
process protests.A

lit. is a matter of judgment
In deciding both AiResearch and GTE Sylvania, primarily for determination by the
GAO utilized their lengthy decision dealing procuring agency in light of all
with the selection procedure for the space the circumstances of the particular
shuttle main engine contractor.

15  
GAO wres- procurement and the requirement for

tied with the conflict between NASA's limited c,mpetitive negotiations, and that
discussion rule and the 10 U.S.C. 2304(g) such determination is not subject
(1970) statutory requirement that "written ot to question by our Office unlesr
oral discussions shall be conducted with all A!early arbitrary or without a
responsible offerors who submit proposals reasonable basis. However, the
within a competitive rarFe, price, and other statute should not be interpreted
factors considered." GAO discussed the .is- in a nanner which discriminates
lative history of the statute and concludcZ aftauit or gives preferential treat-
that while the statute did not define the t.. to .'ny competitor. Any discus-

1 nature, scope, or extent of the required dis- .ion with cowmzcing offerors raises
cussions, it was clear in their view that cot- the question as to how to avoid un-
petition was to be maximized and that dis- fairness and unequal treatment. Ob-
cussions be "meaningfnl by making them dis- viously, disclosure to other proposers
cussions in fact and not just lip servica."16  of one proposer's innovative or in-

genious solution to a problem is un-
GAO has indicated that discu.oions, to be fair. We agreed that such 'trans-
meaningful, must include the poitring out of fusion' should be avoided. ft is
defitlencies in an offeror's proposal.

1 7  
How- also unfair, we think, to help one

ever, GAO has recognized that limitations can proposer through successive rounds r
be placed on the extent and content of dia- of discussions to bring his original
cussions In order to avoid transfusion or inadequate proposal up to the level
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I of other adequate proposals by point.- v - .ly made -and an undisclosed
ing out those weaknesses which were -L'.i -.iustment process used in award
the result of his own lack of dili- ., :hich ultimately results in
genogcompetence, or inventiveness ,, contract price more in line
in preparing its proposal.

24  Icn, Government evaluated price
:," ias done here.

3 1

The protest of GrE Sylvania. Inc.
2 5 took a

somewhat different tack on the issue of what It i, interesting to note that while the NASA
constitutes meaningful discussions. The pro- ivr I "', --v-edures track closely provision ior
iestor alleged major, material changes to the pro, -o. ,t, NASA has no comparable provision
winner', proposal in step four of tb, procure- dei,*. ,v .h neaottatlo',s involving material
vlent process. The DOD Directive explicitly -h. ; .- , the f nal step of the sW'-etion
states what can and cannot be discussed in proc ,ss.
step four, i.e., final negotiations leading to

a defin tive contract: This differene "n the two procedures did not
apparently bother GAO because, "both contem-

Negotlatio .s , :ter selection shall plate c*e- and technical adjustwants in the

not involve material changes in the selected proposal prior to award based on
Government's requl ementa or the con- negotintions."

33

tractor's proposal which affect the
basis for source selection. In the GAO went on to say while they approve that
event that such changes are desired aigniuczt percentag. adjustments can be made
by the Government, the competition in the sole,ted offeror's proposal, such appro-- will bae reopened tn accorda~e with pal is baqe(: in assumptions that adequate cost

existing ASPR renuirements." (Ela- and technical discussions have been previously
pha,..n added) conducted among competitive-rc-age offerors;

that :all offerors have been pu-^mitted to sub-
In the instant protest the Air Force admitrec mi- bust and final offers as a re-A-ilt of those
substantial changes amounting to a 35 percent discussions; that the Government projections
increase in cost. however, such changes did of ultimate changes i:. the successful offeror's
not effect the "basis for source sele,- proposal are sound; and obat the ultimate

tion. 27  changes in the successful offeror's proposal

do not affect the underlying assumptions which
GAO has previously held that where award of a pronited the selecton.

34

cost-reimbursement contract is contemplated,
the importance of analyzing proposed costs in In surmarizing the CAO rules on wha,. ccnsti-
terms of their realism is apparent, since, re- totes meaningful discussions, tha Comptroller
gardless of the proposed costs submitted the General hat stated that, "extent and content
Government will be obliged to reimburse to the of maan:gful discussions . . . ate not sub-

contractor its allowable costs. It is i'por- Ject to any fixed, inflexible rule,
3 5 and

r tant that the Government contracting person- "what will constitute such discussion is a

el exercise informed judgments as to whether matter of judgment primarily Cor determina-
proposals are realistic with respect to pro- tion by tile procuring agency in light of all
posed costs and technical approach, and lack the circumstances of the rarticular piocure-

of realism may result i upward adjustment ment and the requirement for competitive
to an offeror's costs.Z negotiations .. "36

- While GAO has stated that the proper time for As can be seen GAO's many pronouncements on
exploring costs of proposals within a compet- %eoningful discussions center on the mainte-
itive range is during negotiations and not nance of effective competition, and equal and

after receipt of best an" inal offerors, 2 5 fair treatment for all offerora within a frame-

they have approved of r Government's deci- work which preservep the integrity of the pro-
sion to make significunt :ost and adjustments cureme" °-stem an assures that the Govern-

to proposals after beat and final offers are ment procires Lai. goods and services which it
in. requires on terms advantageous to the Govern-

30, ment. Unfortunately the voluminous GAO com-

In the protest of Bell Aerospac..V 30 ,_ a ments on what constituter "meaningful discus-
non-VASA, non-fotir stop procurement which did sions" really gives little guidarce to govern-
not exprosily provide lor this adjustment pro- mnnt and industry contract nego,,!.irc=.
esca, GAO said:

In at least one protest to GAO, the contract-
We see no significant difference lng officer decided that negotiations should

between a aroceso which allows cost he limited to price alone, as it was ".ievcd

ad'ustment of proposed casts after that discussions would have comprot'sed the

the close of discussior,6 for put- technical proposals through trtasf,'sion
poses of determiuing the successful of ideas, methodology, and concepts.

37 While ""t
contractor - even thoigh no forma. looking at Such limitations on meaningful
adiustmlnta of contract price is

10



discussions in the abitracc, they could become discussions would suffice.

so limited in sccp and content that the dis-
cussions would anwr.nt to nothing more than "a In order for the govecaseac to obtain the op-
ceremonial exercise with meaningful discussions timum goods and services it desires, more
transposed albiost entirely into the final nego- Wlieral interpretations as to the extent of
iations :tav*."38 Conceivably, olber con- dibcusions should e permitted in order to

fracting activities might ignore the tenor of fully inform offeror, witio*.t misunderstand-
the DOD Directivc and conduct business ap ing of government re,,,iremens and eliminate
usual and have iull blown negotiativns rather problem areas in proposals, without technical

than meaningful discussions within the context leveling.
of the four-step directive.

It appears from close analys
4
s of the GAO dis- FOOTNOTES

cussions of the AiResearch and GTE Sylvania

cases that the government and contractor aego- I. Issued January 6, 1976, by the Deputy

t*.-ors in -he four-step process are often Secretary of Defense. See ASPR 4-lOl for

r<,,pelled to enghge in potentii,"y harmful definitions of advanced, engineering and op-

wo:d games. The government ti,.gtiator must erational systems evelopcent.

carefully couzh questions in vbry precise
language to convey concerns relating to the 2. "4-Step Sourc jelection", A Study to Test

offeror's proposal without violating the four- and Evaluate New .ource Selection Procedures,

step procedures. 1hus, while a ,jestion sim- Interim Report, 31 July 1577.
ply asks for clarification of the proposal,

an offeror inevitably will search for possible 3. Section III.D.5, DOD Directive 4105.62,

hidden meanings. With this sort of trans- supra note 1.
action it is questionable whether ir not the
minds of the parties really meet prior to 4. Implementing instructions to start the

actual negtiations in step four. Since real service test of the four-step source selec-

negotiations do not commence ui.til afte: the tion process had been issued by Deputy Assist-
potential contractor has been selected, the ant Secretary of Defense for Procurement (I&L)
potential for material chonges in the final Memorandum Oct. 28, 1975, and was reaffirmed

step based on misunderstandings is ripe. Or, and clarified by a similar memorandum of Mar.
on the other hans. a competent offeror might 4, 1976.
be eliminated from step four due to the fear

of government representations of the likeli- 5. The existing ASPR 3-805.3 language was

hood of technical leveling, unchanged except for renumbering paragraphs.
It should be noted that the Armed Services

The perceived fear of technical leveling may Procurement Regulation (ASPR) was replaced by
sacrifice the welfare of individ DOD pro- the Defense Acquisitien Regulation (DAR),
grams in the name of the Integrity of the pro- effective Mar. 8, 1976

curement process. The suggested jimple solu-
tion of forcing offerors to present their best 6. ASPR 3-805.3(a) (1976 edlI',,n):

proposal initially loses sight of the overall
governmeit's desire for scientific and tech- All offerors selected to partici,ate

nological superiority, especially in the area in discussions shall be advised of

of research and development, which can only be deficiencies in their proposals and

achieved through full understanding by both shall be offered a reasonable op-

parties. 39 portunity to correct or resolve the
deficiencies and to submit such price

dith more and more DOD procurements coming un- or cost, technical or other revisions
dur the mantle of the four-step procurement to their proposals that may result
.,roess, it is anticipated that GAO will be from discussions. A deficiency Is

cequently called upon to refine the meaning- defined as that part of an ufferor's
fil discussion problem within the foregoing proposal which would not satisfy the
context. he determinative issue from GAO's Government's requirements.

standpoint is not necessarily ,:!ether :n- g.
ful discussions were conducted, but whtther 7. 'ee note 2 supra. Not all selected pro-

effective cot'ntition was maintained and curements had to meet the DOD Directive 5000.1
whether offerer were permitted to compete on aefinition of . major program, i.e., $50 Tail-
an equal basis,

40  
lion in projected R&D fumds or $200 million
in projected production funds.

It is suggeated that rather than the overly
restrictive and obviously confuaing language 8. 56 Ccmp. Gen. 989 (1977).

contained in the-DOD Directive pertaining to
the scope of meaningful discussions, a simple, 9. Comp, Gea. Dec. B-188272, Nov. 30, 1977.

concise statement that procuring activities
shall not indulge in technical leveling during 10. ASPR 3-805.3 test language supra.
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11. See e.g, 55 Comp. Gen. 802 (1976); 55 39. ASPR 4-102 (1976 edition).
Comp. Gen. 715 (1976); 54 Comp. Gen. 562
(1975); 54 Comp. Gen. 408 (1974); and 53 Comy. 40. 55 Comp. Gen. 802, 807 (1976).

• Gen. 977 (1974).

12. NASA Procurement Directive 70-15, Decem-
b-ar 3, 1975, currently in effect.
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A NEW LOOK AT CONTRACTORS' PAST PERFORMANCE

Colonel Michael A. Nssr, Air Force Systems Command

The concept of rewarding and/or penaliz- This situation is in stark contrast to
ing defense contractors based on their that of the private sector where organi-
past performance is certainly not new. 7ations generally maintain a iist of
Hitch and McKean identified its impor- preferred vendors and suppliers. The
tance in 1960: "preferred list" is primarily deter-

mind by experience from previous con-
. ..Nothing spurs a contractor as tracts and frequently is the major in-
effectively as knowledge that his fluence in the determination of future
performance will be compared direct- awards. (5:303-304)
ly with that of a rival or rivals,
with appropriate rewards and penal- Competition in the defense marketplace
ties--either in the short run (by is such that contractors give top prJ-
the terms of the current contract) ority to moving into promising new
or the somewhat longer run (in the fields and thereby promoting capatil-
next or later contracts). ities for winning future programs.
(7:232-233) Achieving good performance on current

programs becomes of secondary impor-
Frederick M. Scherer thoroughly explored tance. Unfortunately, there is no con-
the concept of competition based on con- certed program it the Department of
tractor reputation and identified numer- Defense to effectively counter this
ous difficulties with such a system in- condition.
cluding the problem of time, quality,
and cost weighting; the difficulty of Thus, today's source selection authori-
measurement without the influence of ty (SSA) is missing an important and
biases; and the problem of blending good powerful tool for forming his selection
and poor jobs together to obtain an decision. Although he may be presented
overall index of contractor performance, with some subjective and sketchy infor-
(10:68-101) mation on past performance, it gener-

ally is lacking in comparable depth oz
Today's Armed Services Procurement Regu- consistency.
lation (ASPR) states that ".... the Con-
tracting Officer shall consider not only
technical competence, but also all other LESSONS OF THE PAST
pertinent factors including management
capabilities, cost controls, and past
performance in adhering to contract re- What can be done to rescue the source
quirements, weighing each factor in ac- selection authority from this dearth of

° cordance with the requirements of the meaningful past performance data?
particular procurement..." (underscoring Since the problem is not a new one,- supplied). (3:1-903.1(111)) there is ample informuation from the" past which bears examination.

The Air Force regulation on source 
se-

lection outlines a separate section on In the 1960's the Department of Defense
"Offerors' Past Performance" as part of developed considerable experience with
the Source Selection Advisory Council its Contractor Performance Evaluation
Analysis Report (2:A-4); and until re- (CPE) system. The system encompassed
cently the weighted guidelines method of R&D programs of $2M per year or $10M
the ASPR included a factor for contrac- overall and production programs of $10M
tore' past performance in computing the per year or $20M overall. (l:VI-4)
profit or fee objective. (8:23) The CPE system required a total of eight

DOD forms to be completed on a semi-
Despite this apparent recognition of the annual basis by project managers,
importance of a contractor's historical service evaluation groups, and contrac-performance, the Department of Defense tore. (Figure 1) (:VI 18-43)

currently displays scant evidence of
placing meaningful emphasis in this
area. It is not uncommon to find a case
in which a company has received a very
desirable new program award after
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D M for consistent use of the data by sourceCPE DOCUMENTATION selection authorities and contracting

DD Forms officers.

Experience from the CPE of the 1960's
1446 Contract Brief points to the fact that a successful

(Description) program of the future must emphasize
Tsimplicity and the prime elements of

11146-1 Technical Performance cost, schedule and technical perfor-
mance. Subjective narrative assessments

1446-2 Schedule Performance should be avoided and a consistent
methodology for utilization must be

1446-3 Cost Performance developed, enforced, and continuously
,!'46-4 Narrative t.czd to determine its effectiveness.

1446-5 'ontracto''s Comments PROPOSED CONTRACTOR PERYqXnMAhCE PROGRAM

1447 Departmental CPE Group
Report There is still a need for a structured

program to measure and take into ac-1447 c Continuation Sheet count a contractor's past performance.
Few dispute that past performance
should I considered somewhere in the

F Rsource selection process. Diverse
opinions exist, however, as to the type
of information required and the mannerThe submission and :eview process for in which it should be employed.

these forms was quite extensive
(Figure 2) prior to being forwarded to The author is proposing a simplified,
the DOD Data Bank at the Defense Docu- fact-oriented data system that records
mentation Center for future use by the cost, schedule and performance
source selection organizations, con- status of major Department of Defense
tvacting officers and the renegotiation contracts that have been active in
b''ord. (l:VI-f-9) recent years. Included is a suggestion

eon hoq this information can be used byNhen it was initiated in 1963, the CPE source selection activities.
program was designed to be fact-oriented
to the maximum extent possible. There Initially it is recommended that the
was provision, however, for judgmental information be accumulated on Depart-
comments by both the project manager and nent of Defense contracts over $5M
the contractor. This aspect of the pro- which are currently active or which
gram allowed it to degenerate into one have been completed during the past I
of verbal duels between project offices three years. The data generated would
and contractors whenever honest differ- be succinct and broken into four areas:
ences of opinion arose. (8:34-35) (l)administrative, (2) cost, (3) sched-

A survey coliducted in 1967 by Air Force ule, and (4) performance:
Systems Command found that CPE data was Administrative - A listing of the
being used in varying degrees by sourceseeto dioyc~iisbtteecontract nUer; dollar value, pro-
aelection advisory c:' ncils hut there curing agency; acquisition phase
was only one instan where it proved to (advanced development, production,
be a decisive fac oi in contract award. .tc.); brief description of work;
(8:37-38) Thus there was no firm evi- names and telephone numbers of

prime objective despite years of opera- and ACO; date* of contract; and
tion and extensive involvement of both type of contract.
governmont and contractor personnel.

Cost - Per cent over or underIn November of 1970 the program was ta-get and dollar amount (actual
formally onnooled a. not being cost for completed and estimated at
erfactive 01; useful for source pnlec- completion for active contracts).tion. Its sophistication and the volume Number and dollar amounts o'
of paper which it generated, helped lead claims submitted and claims
to It, demise, A prime cause, however, approved/disapproved.
was I -a fnilurn to employ a methodology

112



~-,TT77 -7 - - -

.4k.

FIGURE 2
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Schedule - Months the contract has contracts which met or were over or
S-een---de-inquent/total contract under target costs. Schedule informa-
months. Reasons for delinquencies. tion would reflect total months of orig-
Changes made to original schedule inal contracts and the number of months
and reasons. delinquent and/or of schedule extension,

and the technical performance portion
Performance - Number of DD 250 ac- would reflect the quality of the pro.-
ceptances; numbers of major defi- ducts delivered by indiceting the x-um-
ciencies and conditional accep- ber of deviations, conditional accep-
tances on DD 250's. NumberF of tances, etc. on a percentage basis re-deviations and waivers. Numbers lative to the total items delivered.
of specifications and test plans/ Dollar values would be totaled to showreports resubmitted for approval, gross overrun/underrun for the total

(Figure 3) contracts charted. Examples of summary
chartb -'h might be developed for
source selection purposes are shown inIATA COLLECTION Figures 4 and 5.

Since standardized incorporaticn of
The proposed information can be gathered such information in the source selection
in a number of ways. The author sug- process will constitute a new emphasis
gests that it be maintained by adminis- on past performance, requests for pro-
trative contracting officers and be up- posals must clearly state the manner in
dated as required in order to be sub- which oD.st performance will be con-:ritred to procuring agencies in con- sidered- as part of the criteria for ccn-
junction with contractor proposals. It tract award. In the event a contractor
is important that the contractor's most has not performed on previous Depart-
recent experience is included,as recent- ment of Defense contracts, it can be
ly ruled by the General Accounting stated that information relative to per-
Office (GAO) (6:A-7). Until a DOD-wide formance on comparable non-DOD contracts
system or requirement is established, may be requested. In any event, it
requests for proposals can solicit the should not be implied nor intended that
desired information from offerors and daia contained in any computerized data
this data can be validated in pro- bank will constitute the sum total of
award surveys. The mere fact that such all past performance information to be
information is being requented from considered by the source selection
offerors will serve to put them on authority. Other pertinent factual in-
notice that the Department of Defense formation such as that which might be
is giving added emphasis to contractors' gathered from contact with piogram
past performance, managers or contracting personnel, can

and should be made available for the
Air Force Systems Command (AFSC) already SSA's consideration.
has a computerized procurement informa-
tion program, the Automated Management The person or persons who consolidate
Information System (AMMI), which can the past performance informa-:ion for
possibly be tapped to add the above data presentation to the SSA must be cogni-
on contractor performance. An addition zant of serving a role of collation and
to the current A41S could be made so summarization, not one of evaluation.
that the information would be continu- If additional information is gathered
ously and immediately available to all on one prospective contractor, then
organizations in Al'C. Sinc.z the comparable information should be
Defense Logistics gency will he ex- gathered on all others.
changing procur-.me-t information with
AMIS, needed information could be in- Since the prime objective of the pro-
eluded on all contracts administered by gram is to influence source selection,
the Defense Contract Administration a feedback systel" is required to con-
Service (DCAS). tinuously evaluate whether past per-

formance information ia actually play-
ing a role in source selection decisions.

UTILIZATION IN SOURCE SELECTION A survey form to be completed by source
selection cuthorities and/or PCO's,
could pzovidE the in"-ration desired

The method and form in which this infor- regarding effectiveness of 0,e program.
nation is used can be standardized to a
simple: basic report for presentation to
source neleotion authorities. The cost
in~nrmn tion would reflect the number of
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FIGURE 3

4
ADMINISTRATIVE

Contract Number:
Dollar Value:
Procuring Agency:
Acquisition Phase: (Development or Production)
Brief Description of Work:
Name and Telephone No. of: Government Program/Project hnager:

PCO:
ACO:

Dates of Contract:
Type of Contract (e.g. FFP, CPIF, etc.):

PER C4T orCOST (rOR CPIF, CPFF, FPF, FPIS)

PER GENT over or uder target (actual for completed contracts and

MEAC for active contracts):

Dollar Amount cver or under target:
Number and Dollar Amounts of claims submitted:
Number and Dollar Amounts of claims disapproved:

Number of months contract was/has been delinquent and reason(s):
Per cant of months contract was in delinquent statue (i.e. total months

delinquent divided by total contract months):
Number of times original schedule has been changed, by how much, and
reasons for changes

PERORMANCE

Number of DD 250 Acceptances:
Number of Major Deficiencies/Conditional Acceptances on DD 250's:
Number of Deviations Granted:
Number of Waivers Granted:
Number -, Test Plans and Reports Submitted for Approva;
N bo eNumber Submitted Late:
Number of Test Plans and Reports Resubmitted fc. :pproval:
Number of Specifications Submitted for Approval:

Number Submitted Late:
Number of Specifications Resubmitted for Approval:
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FIGUIF

CONTRACTOR XYZ

NO. OF DEVELOPMENT CONTRACTS: 12 (7 COMPLETE, 5 ACTIVE)

TOTAL DOLLAR VALVE: $213M

COST SCHEDULE

CONTRACTS OVER TARGET: 10 TOTAL CONTRACT MONTHS: 210

CONTRACTS UNDER TARGET: 2 iMONTHS CONTRACTS DELINQUENT: 19 (9%)

GROSS PER CENT OVERIUNDER TARGET 'MONTHS OF SCHEDULE CHANGE DUE TO

COSTS: 8% (17M) OVER NONPERFORMANCE: 22

PERFORMANCE

NO. OF DELIVERABLE ITEMS: 93

NO. OF DEVIAIONS AND WAIVERS: 34

NO. OF MAJOR pr "CIENCIES ON ORIGINAL ACCEPTANCE INSPECTIONS: 7

NO. OF CONDITIONAL ACCEPTANCES: 14

TEST PLANS/SPECIFICATIONS SUBMITTED LATE: 251300" 8.3%
TEST PLANS/SPEC IFICATI ONS DISAPPROVED: 331300- 11%
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CONCLUSIONS (2) Air Force Regulation 70-15, Source
Selection Policy and Procedures,
16 April 1976

The purpose of source selection is to
select a contractor, not merely to (3) Department of Defense, Armed
choose between competing proposals. Yet ServicesProcucement Regulation,
the emphasis in most Department of 1976 Edition; US Government Print-
Defense source selections is overwhelm- office; Washizwton, DC, 20402
ingly upon the evaluation of technical
proposals. The difference between con- )4Y Fowler, M. L., Assistant Deputy
tractors is aeldom illuminated as artic- I for Procurement, Electronic Systems
ulately as are the differences between Division; Air Force Systems Command.
their proposals. Mr. Fowler designed tbc original

data base from which the proposed
A practical reporting system on contrac- cont-actor past perf.ormance system
toz ' past performance is urgently has been developed
nee'ed in order to consider past as well
an prcpo:-a .-erformance when selecting (5) Fox, J. R., Arminq ,arica,
DOD contractors. A system is proposed Graduate School or Busne~s Adminis-
which will provide factual data to tration, Harvard University,
source selection groups and which will I Boston 1974
not require the generation of complicated
or sophisticated information which might (6) Fpdera Cntract Reporter, No. 726,
cause expenditure of inordinate man- ftpril 19, 1978, (GAO; New Hamps re-
hours. At a later date it may be Vermont Health service, 57 Comp
desirable to devolop performance indices Gen, B-189603, 3/15/78)
in each of the three areas of cost,
schedule and performance.

(7) Hitch, C. J. and McKeon, R. N.,
It is recommended that the proposed Economics of Defense in the
system be initiated at a division within hNuclear Ae, The Rand Corporation,
Air Force Ststems Command. The Elec- Santa Mon ca, Calif., March 1960
tronic Systems Division at Hanscom AFB,
Massachusetts has already taken actions '(8) Kayafas, P., Contractor Past Per-
to include such information in the formance: Basis for Contract
source selection process and HQ AFSC Award, Professi nal Study No. 3940,
has recently issued a policy letter AFi- ar College, Maxwell Air Force
requiring past performance consideration Base, Alabama; April 1970
for source selection. Since this re-
juvenated concept has significant impli- (9) Peck, M. J. and Scherer, F. M.,
cations for the defense industry over- The Wea ons Acquisition Processall, xecommend it be presented to the nEooic Anlysis, r u-'

Council of Defense and Space Industries School of Business Administration,
Association (CODSIA) for their review Division of Research, Harvard
and comments. University, Boston, 1962

In the latter part of 1978 a "debugged" (10) Scherer, F. M., The Wea ons Acqui-
and coordinated program can be expanded sition Process: Eom icIncen-
to all o5 Air Force Systems Command tives (Volume II), Harvard Business
with subseqr'ent adoption by the entire School, Division of Research,
Department of Defense. With a positive Boston, 1964
determination by f management and
with an open min.! y those who must
implement suzh a p. ogram, we can take
a giant step towards improving the
relationship between past performance
and future awards. y
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C| SENSITIVITY OF OFFERORS' SCORES TO VARIATIONS IN ITEM WEIGHTS ANI ITEM SCORES

David A. Lee, Air Force Institute of Technology

INTRODUCTION

Numerical scoring of offeror's proposals in (ranked or ordered) by comparing their total
accordance with AFLC Supplement I (16 February scores. This brings up the question of the
1977) to APR 70-IS (16 April 1976) is carried sensitivity of the total scores to small vari-
out in the following way: before proposals are ations in the choices of item weights, and to
received, the Source Selection Advisory Council small variations in item scores. In particu-
(SSAC) identifies key areas most significant lar, one would like to know whether such var-
for the sucgess of the program, and determines iations could cause offeror A to have a
the relative importance of each area. The SSAC greater total score than offeror B in one case,

also makes shredouts of significant items in while making B's score exceed A's in another.

each area. The SSAC allots numerical weights The question is not entirely trivial, because
to each iter. of each area, subject to the re- the requirements of APR 70-15 and AFLC
quirements that the sum of all the weights will Supplement i thereto restrict the choice of
equal 1000, that the sum of the weights weights. In this paper we show that, while

assigned to each area will reflect the relative small relative variations in weights or scores
importance of that area, and that the item may indeed reverse the ranking of two offerors'
weights will reflect the relative importance of total scores, there are fairly simple, common-
each item within an area. When proposals are sensical tests which identify rankings that
received, the Source Selection Evaluation Board cannot be overturned by relatively small
(SSEB) assigns a score to each proposal, on changes in item weights or item scores.
each item. These item scores range from 0 to I
and reflect the fraction of the weight allotted Let us begin by describing the scoring and
to each item earned by the offeror's response. weighting procedure quantitatively. This can
SSEB members do not know values of the weights be done by the equations and inequalities
assigned by the SSAC. An offeror's total score
is then computed as the sum of the products of N I s
the item scores with the corresponding weights. S = s 1w (1)
The scoring and weighting example given in AFLC i=l j=l

Supplement I to AFR 70-15 is shown in Table I. 1

When the numerical scoring and weighting is w. = 1000 (2)
completed, offerors' proposals are compared i=l jl

SSEl Scoring .CA(" Weighfint

?olnt$ Points Percetage Weight Weighte
Possible Assigned Store Allotted S e

(Arc. 1)
Item I Io 2 .20 75 I50

1 2 10 5 .50 125 62.5
Item 3 10 3 .30 I00 30.0
Ite 4 10 4 .40 ISO 60.0
Item 5 t0 4 .40 50 200

Arcs1o1af: 50d0 197.5

* (Arcs 2)
Item I t0 9 .90 75 67.5

Item 2 10 1 .80 25 20.0
Item 3 10 4 .40 100 400

Area
Tosul: 200 127.$

(Are. 3)
Item 1 10 10 1.00 t00 too
Item 2 10 7 .70 so 56

Arc% s
ToSOl: 10 I6 - a

(Are& 4) 4

Item 10 1 .10 20 96

Aria
Totl: 120 96

TOAL Table I 1000 567
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M. I T a W  + a 22 T B b w  + b2W  (9)
1 1 2 N A B 1 1 1 2  )j W > w> ... > i 3

3 (3) That is, A ranks ahead of B if TA > TB, and

~ > 1 conversely.* Now, we ask our question in this
w > w > ... , 1,...,N (4) restricted setting. That is, is it possible

S2mthat, given fixed al,a 2 and blb 2, there exist

s. _< 1 (S) admissible choices of w1 and w2 which differ0 .<S)1
relatively little, such that for one choice

in equations (1) and (2), S is the total score, T1 > T., while for the other, T > TA? We'll
N is the number of areas identified by the find such choices below, and, since our re-
SSAC, M i the number of items associated with stricted case is a valid particular case of

tb I L... -- oeral question, the question will be
the I area, s. is the offeror's score on ahswered, "

item j rt. i, and w. is the weight
s toetem j .rEquationd(IIn order to meet (2) with aiU wei~hts exceptassigned to item j of area i. Equation () w1 and w2 fixed, we may vary w I ,d w2 only

gives the procedure for computing an offeror's 1  2  1  2

total score. Equation (2) expresses the while keeping their sum constant. That is, we
requirement that the weights add up to 1000, must have
and inequalities (3) express the requirement M. M.
that the total of the weights assigned to each N I.
area reflects the predetermined relative im- W + w - K 1000 - N w" . w (10)
portance of that area. Inequalities (4) state i2 j-1 j=3

that the iten weights reflect the relative im-
portance of the items within an area, a I To preserie the relative importance inequality
ineq-alities (S) specify the conventioln that (4), we must have
iter. qcores range from 0 through 1. w

w > W >w (1
Now, let's consider the question of whether
of eror's rankings can be overturned by rela- A principal reason for going to this present

tively snil! changes in item weights, for "two-dimensional restriction" is that pictures
fixed iten scores. We work with two offerors, can now be made to illustrate our proceedings.

In particular, relations (10) and (11) may beFAantd R. Let A's item scores be a . and de- graphed as in Fig. 1:

. Then A's totalAnote B' item ;cores by b T.
;core S , and H's total score S., are given by

M. M

S j alw, S (6) w w
i=I j=l i-l j=l b 2w

w2
We can simplify our work considerably, and I
still answer the question of interest, by con-
sidering a restricted case, in which all the

item weights except w1 and w2 are kept fixed,

and in which A and B have the same item scores w + W

except for al.a2 an" ,b Then

1 1 11I>i
> :

SA :alw I  a2 w2 ',Q, / / ' :
11 11

S8  b w1  12 w2 +Q (7)

where \ '

N I I  I
.- I i ojwj, Figure ,,, (8) ir

,o tlia( the rAnk of and S will be ,ote - ommon

iviol'd ,oi-h lh) the i'art iail score. TA and TB *In(9) and inthe following, the j
TA superscript Il is omitte'd from w and w~

| W ,~I, for clarity in writing "
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That... .....s . .. an ..h.ice of w ad w on tiieT

Figure I shows that we are free to vary w1 and For w1 and w2 on segment PQ, TA > T. for w1
w2 along the interval I of the I te w1  W. K. stt W on QR, T % 1.

That is, any choice of w and w. on this line Actual!y, since w1 > w2 and w2 l w a
will, taken together with the fixed weights, InI
meet (2), (3) and (4). wI + w2  .K, w3 < /2, so that w3/,w3) < ,

Now, let us ask, "what condition must hold, if always. Thus (13) can always be met for some 
TA = TB?" In that event, we must have choice of al, b1 , a2 , b2 .

w a + Wa W b + Wb o
1 1 2 2  2b2, or SPECIFIC EXAMPLE

wl(al-b ) + W2 (a2-b2) 0 (12)

Now, (12) is the equation of a straight line Suppose that all the item weights except w1 ,
in the w, - w2 plane. This is the line w2, and 

I add up to 650, and that S.

TA = T3. On one side of this line, TA > TB; Then K - 300, and (10) and (11) take the forms

on the other, TA < TB. Thus: If the straight w + w = 300. (14)
line (12) intersects I, then there will be 1 2
admissible choices of w1 and w2, for some of and

which TA > TB, and for some of which T A < TB. w1  w2 >50 (15)

Actually, it is easy to write a condition on Inequalities (13) become

al, a2, b1I and b2 such that the intersection b1  < (16)
occurs. Straightforward analysis shows that a a2
the intersection does occur, provided

A choice of factor scores which satisfies (16)I b a1  is -

-w- < a ab . (13) .9
3Wheeve .2 2 (17)

Whenever (13) is met, the complete picture of a .9 b .4 (17)
the situation is sho-m in Figure 2: Two choices of weights which satisfy (14) and

(15) are:

Case I. wI a 200, w2  100 (18)

Case 11. W1 = 180. w2 ' 120 (19)

For the item scores of (17) and the weights of

w2 Case I, TA - 210, TB - 220, so that offeror B

W. ranks ahead of offeror A. But for these same
2 item scores, the weights of Case II lead to

TA = 216, TB - 210, so that offeror A ranks

WI +w 2  K ahead of offeror B. The weights of Cases I
and II differ from their means by A% for wl,

TA - TB  and by 9% for w2 - Thus, it is true that rela-

P TA >T tively small changes in item weights can
change offeror's rankings for given item
scores.

R TA< T -w FIXED WEIGHTS AND VARYING FACTOR SCORESIW •w2  :
This case is much simpler than the previousFigure 2 one, because the conditions (5) which item,
scores must meet are much simpler than condi-
tions (2), (3), and (4) on the item weights.
To see that indeed, relatively small changes
in item scores can overturn offeror's rankings,
consider the case of offeror A and offeror B,
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WII
with identical item scores except for the M
first two items of area 1. Let A's and B's 6S " wI " "1+ s i
scores on these items be the ones given in i., j I w - I
(17), and let the weights for these items be 5
those of Case I (equation (18)). Then B's
total score exceeds A's by 10 points. If then i 6  /

B's scores are each reduced by 10%, and A's .,.w.
increased by 10%, A's total score exceeds B's l-Is.ilw J

Iby 33 points. 3
Since the magnuitude of a sum does not exceed
the sum of the magnitudes of its terms,

A DOSE OF COMMON SENSE I
N Mi J.6w J iI~I!SS Wj + S.W.

Actuauly, there are straightforward, common- I j-- JW JIs.
so,sical rules which give fie,, guarantees that 3
certa.n -"r *ngs cannot be overturned by rela-
tively small hnanges in item weights, item . .1 6s. 6w. 22scores, or lioth. Very likely, the rules are s' W --I-- (22
already apptied routinely, as a matter of good j l sl I
judgement. They are simple to describe: 3 3

Rule 1: The ranking of two offerors whose In (2?), the fact that all s. and w. are posi-
_ total scores differ by an amount which is r

greater than P% of their sum, cannot be over- tive has been used.
turned by changes in weights for which the
greatestNow, a sum is not decreased if each of its

terms is either made algebraically larger or

Rule 2: The ranking of two offerors whose left the same. Therefore
total scores differ by an amount which is M. . .

greator than P% of their sum cannot be over-i w' I N I i ow.
turned by changes in factor scores for which "*' I S.W. ma- ,1
the greatest relative change does not exceed i- jl . w b~l j=l J ji Wj
P%.

16w., N M.

Rule 3: "'he ranking of two offerors whose maxI X W sw
total scores differ by more than the product of i,jl w. i=l jII

the factor - 2) and their sum, cannot

be ov-rturned by any combination of changes in W

item weights and item scores, for which the max S. (23)

greatest relative change does not exceed P%. ij

t All these rules follow from one fairly straight- Similar arguments hold for each term of (22),so that, defining

forward calculation. If weight w. is changed s h di

b,3 5~b rount 6w, and item scoe s' is changed2

bya niut6s J , then total score S will 23

change to the value c+ 6s, where

t 5 N s 116W11 B maxI~- (25)
-" SS i s + 6 )(w. + 6w. i)j

f. we have

= s * (s5i4 + 65M + 66w (0 16s1 s 116W11-S + 116slS 116wll-.llsSH_

so that and ..... , the relative change in 3, is
N HI

j! J s. J 1S % < IIII + 116sll 116wlll116sll (26)

We nay re-write (21) as Rules (1), (2). and (3) are immediate conse-
quences of (26). For example, if only the item
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weights are changed, 116sl! will be zero, and ACKNOWLEDGEMENT

1651
< 116wl Il It Is a pleasure to acknowledge stimulating

conversations with Captain William L. Mlover.
If then original offerors' total scores are Su  who brought the subject to the author's atten-

and SL' with Su > SL, under change of weight tion.

S cannot be reduced to less than

Su(l - 1i6wiI), and SL cannot be increased to

more than SL(I + 116wil). Therefore the

offerors' ranking can be overturned only if

S l6wil) > Su(1 - 116w1l),

which implies

Su - SL < in6w.(Su+SL) (27)

Inequality (27) is, of course, a mathematical
itatement of Rule 1. Rule'2 follows exactly
sinila:lT', when 116w[l is taken to be zero.
Rule 3 foliows from the observation that, tihen
both scores and weights fluctuate subject to
the conditions

116w1l < f, 116sll < f,

then

16SI 2
Is 2f + f f(f+2).

Then S cannot be reduced to less than
u

Su(l - f(f*2)), while SL cannot be increased

to more than SL(I - f(f+2)), so that the

offerors' ranking can be overturned only if

SL(I + f(f+2)) > Su(I f(f-2)),

which implies

S - S < f(f+2)(S +S ) (28)

Equation (28) is a statement of Rule 3.

CONCLUSION

The order of numerical scores of proposals can
be overturned by small relative changes in item
weights and item scores whenever differences
between scores are small fractions of the
scores, even when item weights meet all the
requirements of AFR 70-15 and AFLC Supplement I -
to that regulation. However, as specified in
Rules (1), k2), and (3) above, when differences
between offeror's total scores are not small
fractions of the scores, the order of scores
cannot be overturned by small relative changes
in item weights and scores.
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THE FUNCTIONAL VALUE OF UNCERTAINTY IN TiE PROCUREMENT PROCESS

Charles W. N. Thompson, Northwestern University

INTRODUCTION analyzing a great variety of problems ard
methods, and that graphical models provide a
useful common language.

Where the performance (or product) require-
ments of the end product or service are com-
pletely specified (and the means of veriflca- UNCERTAINTY AS A PROBLEM
tion are easily available, and where time and
cost estimates are reasonably related, the
procuring agency can have reasonable conf.- Uncertainty, and the related concept of util-
dence in b..inning the procuring proceas. If ity have long been subject to examination (see,
one or more bidders are able to reaonably es- for example, [12] [35]), but it is not the in-
timate the costs and time related to providing tent of this paper to review the extensive
the specified product or service, the poten- writings in this field. The brief comments in
tial for a successful procurement appears to this section are intended to provide some gen4
be reasonably good. eral sense of the use of the term, to refer-

ence selected examples of its use in the engi-
In contrast, where performance (or product) neering literature, to note the sequential
requirements are subject to significant uncer- characteristic of the process of reducing un-
tainty, where the time and cost to provide are certainty, and to reference its standing as a
uncertain, and where means of verification are problem, and to identify characteristic solu-
difficult or unceicain, the cumulative effect tions, in defense procurement.
of all of these uncertainties is usually con-

sidered to present conside-able problems in Uncertainty is used here in its cotmon sense,
the procurement process, and a wide variety of everyday meaning of how sure one is about

methods have been developed by both procuring something. It raquirt the identification of
agencies and contractors to solve these prob- (or association with) a specific person (or
lems. persons), and the term "decision maker" is

often used to identify the person. onven-

Research to improve our understanding of the tionally, uncertainty may described in terms
relationship between a specific method and a of probability ranging from 0.0 to 1.0, and
desired result (or to improve our ability to this may be with respect to a particular re-

achieve a desired result) takes many forms but lationship between one estimate and the object
may be characterized by two major dichotomies: (teferent) being estimated, or m.ay be distri-

first, the difference in approach (and pur- buted over a range of estimates. Uncertainty

pose) between the practitioner and the re- may be described as one's confidence in the
searcher, and, second, the difference in ap- (or a specified) relationship between any two
proach between those who use verbal (usually, events (or objects or states).
behavioral) models and those who use mathe-
matical ("quantitative") models. These dif- Uncertainty has been the focus of concern in
ferences not only limit cooperative approaches the management literature [7:2,/ (26] [37]
to shared problems, but also limit the ability and, particularly, in the engineering litera-
and willingness to draw upon 'solutions devel- ture. For example, a quick search of recent

oped by the "other" group (34]. These differ- issues of one journal discloses a variety of
ences are often expressed in terms of credi- articles concerned with the information pro-
bility (lack of rigor) and usefulness (lack of ceases used to reduce uncertainty (4] (9]
relevance). (15]. The engineering process has been char-

acterized as a process for reducing uncertain-
Drawing upon specific experience with a wide ty [14] [19], and as an early step in a se-
variety of procurement practices and research quential process of reducing uncertainty which
on the procurement process, the characteristic extends through development to production
cononly identified as "uncertainty" is used [241 and sales [31] and use (3:18,21].

to analyse a set of illustrative problem and
how various solution methods are designed to The problems presented in the procurement pro-
deal with problems. Graphical models (in the cess are reflected in the wide variety of so- -:

general form of thoae familiar in systems lutions proposed, only a sample of which will

analysis and production control) will be used be referenced here. In the pre-uward stages,
to provide a comn language bridging the two various methods, such as briefing and the
dichotomies ln4 ;.3 an analytical tool for des- preparation of elaborate requests for pro-
cribing specific procurement problems from the posals, are used as a pvclude to equally slab-
point of vil, of both the buyer and the seller, orate judgmental processes for choosing'con-

tractors. Basic choices concerning the form
It is proposed that "uncertainty" provides a of contract (10] [11] r21:15-16], use of par-
relatively stable and ubiquitous dimension for allel development [I], dividing a procurement
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into phases, incorporation of specificatiots, The examples to be presented in this section
and standards, and use of techniques such as were chosen to illustrate the usefulness of an
design to cost and life cycle costing [163 explicit recognition of the characteristics of
[36:251 all reflect approaches to dealing with the specific uncertainty presented in a par-
uncertainty. During the life of the contract, ticular procurement situation. There are, of
various process control methods are used, par- course, many other possible illustrations, and

ticularly with -espect to management and cost variations on those presented. It should also
control [8] [20] (.2] j781; and testing pro- be noted that the accompanying figures are in-
video a major contribution to the reduction of tended only to illustrate the particular sit-
uncertainty [18]. Concern with uncertainty uation and are in the form of rough sketches;
during the uae life of the procured product is all- of the curves are intended to be approxi-
reflected In provisions for warranties and mations to a normal distribution. In the in-
guarantees, and programmatic requirements di- terest of simplification, a minimum number of
rected to reliability and maintainability _-. are presented in an example, and it
[71. Centr.el to most, if not all, of these should be ILI- ' that the scales are sometimes
method" iti the intent to minimize or control compressed.
the ri-k t n or both parties arising out of
ur,certainty, inciuding the preassignment of
the risk to one of the parties [29:737]. And Shared High Uncertainty
a concomitant element is often an increase in
the adversary character of the relationship Patticularly in the early stages of the de-
[25]. velopment of a new capability both the govern-

meant and prospective bidders share a high de-
gree of u..ertainty concerning not only the

THE USEFULNESS OF UNCERTAINhTY cost but also the time required and the level
of performance (achievable and/or required).

As a practical matter, uncertainty is often a Where there is a high degree of uncertainty,
"good" thing. Host eporting events and games it Is likely that the estimates (of cost,
of skill (or chance) would lose their interest time, or performance) made by different de-
to participants and spectators (at least, some) cision makers (bidders) may overlap consid-
if there were no element of uncertainty. On a erably. This is illustrated in Figure 1.
personal basis, it is likely that few individ- Estimates by bidders A, B, and C, while dif-
uals w ,.ad want to know, with certainty, the ferent, overlap to a considerable extent; and,
exact tite they will die. or know exactly what if the government's uncertainty is comparable,
others think of them. Even responsible senior its estimates may also overlap, unless biased
?decision maksera may find it to be "good" to be by reasons of differences in information
uncertain, to be better off if they didn't available or other requirements imposed upon
know, e.g.. Eisenhower and the U-2, and more the estimating process. If each bidder were
recent presid1ential cases, to use the average of his estimate, there

would be the illustrated separr.tion. However,
For those cases where uncertainty is not de- the high uncertainty diminishes the predictive
sired. it is important to distinguish between value of the average, presenting a range of
those canes Aiere you can't do anything about reasonable variations. "t the illustrated
it (with respect to current decisions) and case, bidder A, for othe reasons, chooses the
thoe whore you can. And what yo% dan do is * low (nd, and his bid price is lowest even
function of identifying the particular deci- though his average is highest. Because these
sio. maker, the point in time that the deci- "other reasons" may not be related to what it
sion is to be made [5:21, what specific type will cost to perform, end, further, because

of uncertainty is involved, and hew. he is the differences among the estimates themselves

likely to respond to it. For example, beforn may not be related to differences in the cost
aw;ard, the bidder is cor rr,ed with the un- to perform, it seems clear that the bie prices
certainty that he will .n and his unzertainLy may be of little use in determining which bid-
in the relationship betv-.en his propotial terms der can produce fir the lowest coat. The use
and the performance he will have to provide; of cost-type contracts reflects this mutual
comparably, the government will be concerned uncertainty, minimizing the risk to both
with identifying the 'best" bidder and the government and contractor where the price is

same uncertainty between proposal terms and rubstintially lower or higher than the actual
performance. The contractor doein't want to costs incurred; and, as a corollary, where the - +l
lose money (or reputation), and the government risk is lessened, both parties can concentrate
doesn't want to pay more than it has to (and on reducing uncertainty with respect to per-
should be equally concerned, in most cases, formance (and time), and coit is "controlled"
with paying less then the performance is by other, process based methods.

+% worth) [25:591. 5
Where there is, in fact, i high degree of

shared uncertainty, it would appear that a

E+X~mI.?.S frank recognition would minimize a nu.ber of '4
inappropriate behaviors. First, the govern-
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ment should concentrate on other characteris- relatively certain compared with those ele-

j tics of the bidders (e.g., technical compe- ments in the future.
tenee, effectiveness of cost management, long-
term htterest in the procurement) and give Where the high uncertainty can be factored
little or no weight to "low price." Second, out, bidders may be able to limit their cost

both the contractor and the government should estimates to the low uncertainty part with the
give high priority to early and progressive result that real differences in bid price will
reestimating of cost (and performance and appear (see Figure 3, right hand side).
time), and the budgeting and review processes

should recognize that the terms "overrun" in the case of life cycle costs for energy
and "slippage" are inappropriate, using devices, usage levels and rates can be

specified for bidding purposes; in this cave,

uncertainty is reduced for the bidders, with

Uncertainty Over Time the government absorbing the uncertainty.
Similarly, separate provisions may be made for

One of rhe characteristics of most estimates soil conditions, weather, inflation, and other
is that they increase in uncertainty as they conditions not under the control of the
are extended forward in Lime. This is illus- parties.
trated in the top part of Figure 2. As was
true in the first example, this is a type of There is a special case where the uncertainty
uncertainty which we can do little about di- with respect to a specific element is so high
rectly except to recognize it. If a procure- that it may not be possible to accomplish at
ment covers an extended period of time, both all. If the element is necessary, and if it
the bidders and the government are forced to can be worked on out of sequence, the govern-
combine relatively good estimates for near ment should require that the contractor work
future activities with progressively poorer on it first. Thus, if the element turns out
estimates of future activities. The conven- to be impossible to accomplish, the government
tional solution is to divide the procurement can save the cost of developing the other
into successive phases. elements.

By dividing the procurement into phases, it is
now possible to estimate the second phase at Differences in Uncertainty Among Bidders
t2 (see Figure 2, bottom part), taking advan-
tage of the reduction in uncertainty resulting In some cases one bidde- will have consider-
from the activities in the first phase, ad- ably less uncertainty tnan other bidders;
vances in the state-of-the-art elsewhere, re- this may be because he was the original do-
ductions in uncertainty with respect to the velopment or production contractor, or he may
specification of requirements and of related have more background and experience in the
systems and components, and the increased area. This is illustrated in Figure 4, left
familiarity, knowledge, and experience of both hand side. Bidders A and C are in the same
contractor and government with respect to the position as the 4idders in the first example;
program [30:321. if they bid low and win, they may be faced

with either losing money or cutting corners or

It seems clear that, with this type of uncer- trying to get changes. If they bid high. they
tainty, the estimates at tI with respect to will lose, and bidder Bmay be able to get a
later phases should be frakkly recognized as windfall.
high uncertainty, as was true in the first

illustration [6:571. In developing second sources, the importance
of timely delivery of documentation (drawings,
bills of materials, etc.) is obviou-; the

Separating High and Low Uncertainty availability of a relatively complete and
accurate description of the product roduces

In some cases a procurement will combine an the uncertainty for the other bidders, and the
activity or task which is of high uncertainty government is more likely to receive bids re-
with another activity of low uncertainty. The flectirg real differences in cost among the
bidder who is forced to aggregate these two bidders (see Figure 4, right hand side).
activities is faced with a relatively high Where the differences among the bidders are
uncertainty estimate, and the result is that due to one bidder having spre background and
estimates of different bidders tend to overlap experience. the goverment may decrease the
(see Figure 3, left hand side). This may oc- uncertainty for other bidders by providing .nc- AScur in building construction where aG4l con- case to doouents, report*, and other refer-

ditions and weather present high uncertainty ences, and provide early briefings [23].
while structural costs present much less un-
certainty. Similarly, on procurements with
elements in the far future, e.g., life cycle Uncertainty tatween Goverrment and Bidders
costing of energy using devices where future
rates are uncertain, production costs may be In some if not all cases it is to the interest
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of the gover-.ment to reduce its uncertainty ing by time or by differences in uncertainty
concerning the capabilities of bidders in or- may not be possible; if not, divide up the es- -

der to be able to select the "best" bidder. timate into a set of smaller, specific esti-
And, at l-as.t in the case of those bidders who mates, i.e., factor the problem. For each es-
believe they are the "best," it is in the in- timate, describe the specific information de-
terest o1 t"! bidder to reduce the govern- sired, and treat as in the previous example
ment's uncertainty. While there are other [13] [33]. By dealing with smaller problems, - -

sources of information which may be used by it is likely that each estimate will be less -1
the government, one of the main forms is the !uncertain, differential weighting can be used
information provided by the bidders in their to reflect different contributions of the es-
proposals. it is with respect to this process timates, extreme estimates with respect to
that the uncertainty discussed here appears. different bidders can be 'dentifled, and dif-

ferences among bidders may become more certain
If the bidders have a high degree of uncer- ""':re 6. right hand side). I
tainty about the information the government
neeJs, they may have to guess as to what to
provide. the result that they may either SUMHMARY
provie,! L' Z wtOng information or have to over
respond to "cover all bases." This is illus- Uncertainty has been described as not only a -
trated in Figure 5 by bidders A acd C. Sin- problem in the procurement process but also.
-.larly, a bidder with a low degree of uncer- when identified and analysed, as 'a useful A
tainty, but who is wrong, may provide the basis for developing solutions which minimize 4
'rong information (bidder B, Figure 5). As a its effect. To aid in this process, and to
result, the government may have knsufflcis'nt supplemnt verbal and quantitative models, the
infernation (and a coatinuin- high uncer- use of graphical models is described. 1
tainty) with respect to the bidders' capabil-
Ities, or may have so mujh Infornation 'hat it
is difficult to sort it o'ut. REFERENCES
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ABSTRACT

TECHNOLOGICAL CHANGE AND PROCUREMENT STRATEGY

Professor Arlyn J. Melcher, Kent State University

INTrRODUCTION Continuity Rate of Technological Change

of

An important aspect of procurement strategy is Pucae lw Mdrt ai

the degree that specifications should be posed Repetitive Std. specif,.
in ters of what product/servce is required, of product/

othe performance desired. On the one hand, a. w/no Y

precise specifications may be formulated on the sple,. of ends

natur." of the n roduct/service. In this case,
the cont.--s.,r'spoie little or no discre- Periodic

tion in varying from the specifications. The4

contract Is awarded to the one who can meet the"

specifications at lowest costs and no inhere- No spec. of

Lion is permitted. The evaluation--decision preddsac.

process is relatively simple. On the other w/broad*

hand, specification may be in terms of ends and specif, of

performance that are desired with the specifi- S ingle . ends I

cations of means only broadly stated or unde-

fined. In this case, the ecntractor proposes a The continuity of purchases determines the i

product/service that will meet the requ:--ed degree that adjustments can be made over time

ends closest. 11is strategy provides the con- in procurement strategy. In the case of

I!

tractor broad discretion and incentive to repetitive purchases, e...pcricnce c an--bL-used- -ae7
- -

innovate. The evaluation process Is complex an input and modifications made over time if
nnd ost is only one of the considerations in resulting performance is inadequate. The other
awar,ling the contract, and difficult to fix on extreme of a single contract for a taajor system i

a firm basis. The relationships with the con- sharply increases the risk to the government.

tractor are fundamentally affected and the The contract may be for a large system such as

nature of the supervision othprceenis an uranium processing plant structure. a group
eondittlndb ifrn otata taeis of bombers, submarines or other equipment that

is potentially rapidly obsoleted, or fills

The optimal strategy for procurement depends probable needs for long periods of time. In

upon a nutpber of factors, but two of the more any case, a single commitment is made that

important are the degree that the item is locks the buyer into a long-term situation; if

ordered on a repetitive basis and the rate of mistakes are made; remedies are possible--if at

technological change. The rate of technologi- all--only by enormous costs. An obsolete de-

cal chiange, continuity of purchase and procure- fense subsystem, for example, can be scrapped -

neat stiategy can be viewed as a continutum of and replaced, but at a high cost to the govern-

alte~rnatlves, vent and loss of credibility of all involved.

Rate of Technological Change While the rate of technological change in
producL/service is a major determinant of pro- :

/Slow Moderate P.ZId curement strategy, it has been one of the most )-

elusive concepts for the procurement officer to ,.

Continuity of Purcha,. Practically identify and systematically eval- -.

ate in the procurement decision, This is "

/Repetitive Periodic Single/ partly because of the difficulty of arriving at :'i

a general concept that is broadly applicable

Procurement Strategy sind can be operationally measured. ,

Std. spec. of Partial Spec. of No 3pec. of This paper develops a broad concept of techno- :

product/eve. product/ac, w/ product/ac, logical change, Indicates the proress of :

whno specif, narrow spscf, w/broad measuring rate of change and develops the :

of cud& of ends Spec. of implications the rates of change have for pro- ;

ends curemeu
.
t Policy. A set -F nropositio-as are t

offered for research and testing. The useful-
The combination of rte of tchnological change nes of the concepts are illustrated by profl-

and continuity of purchase detrmn, in part, ing the technological change In the computer J

the procurement Strategy that comes closest to industry, and developing the implications that .

optimally meacing governmental needs. the continuity of purchase of computers and the

rate of techinological change have for

t9
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procurement strategy on computers.

SIGNIFICANCE

* Any buyer such as the government must txy to
balance off two goals in its acquisition of
major systems. On the one hand, one central

concern is to buy the best technology at a
point in time. A second concern Ie to minimize
cost overruns on major systems. -e Air Force,
for instance, operates under a general policy
directive (OB Circular No. A-109) that
establishes a complex decision-review process
for reducing risks of buying obsolete techno-
logy and incurring cost overruns. It requires
a continuing analysis of interface of mission
capabilities, technological opportunities,
priorities, and resources. The effect of this
process is to support exploration of alterna-
tives on the best technology available at a

point in time within the constraints Imposed
and to delay commitment for production until
performance characteristics are clearly demon-
strated.

At the same time, the governmental agencies are

responsible and encouraged to update their
mission capabilities when technological oppor-
tunities occur. New technological developments
that potentially increase agency capabilities

.. are to be translated into mission need state-

ments. Thi5 statement is not to be expressed
in terms of particular equipment or technology,

but in other terms such as performance charact-
eristics. This needs statement is then for-
warded for higher level review and potential
budget support. This policy supports updatirg
and innovation on the part of agencies.

Both processes require a judgement and predic-

tion on the rate of technological change.
Where technological change rapidly occurs, the
exploration of capabilities of alternative
systems is meaningful for only a short period
of time; the choice among alternatives may be
limited to equipment which is rapidly obsoleted.
While the acquisition process supports buying

the best available technology at a point in
time and reduces the potential for cost over-
rums, it gives secondary attention to the rate

of technological change and its implications,

The needs assessment process also rests upon a
a judgement of rate of technological change.
It requires recognition of opportunities and
posing performance standards in terms of what is
potentially relizable within the time-resource
frame of agency. Clarification of the concept

and measurement of technological change is

central to improvement in acquisition process
and determination of optimal acquisition
strategy.
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THE MAVERICK ArM-65A, A SUCCESSFUL TOTAL PACKAGE PROCUREMENTA

J F. Drake, Corporate Director, Advanced Program Plans, Hughes Aircraft Company

INTRODUCTION cost, schedule, and performance data. The

paper concludes with lessons learned.

This is a case history of a successful total
package procurement program, the Air Force's MAVERICK WEAPON SYSTEM FROGRAM
Maverick ACM-65A. The program was initiated

when many, if not all, total package programs
were encountering major problems. As a result, The Maverick is a launch and leave, hit to kill
the Contract Definition Phase (CDP) was television guided missile designed and built by
extended, intensive face to face negotiations Hughes Aircraft Company. Its operatio..al con-
on all aspects of the contract were conducted, cepts and capabilities are illustrated in Fig-
new contract terms and conditions were added, ure 1. Figure 2 sumarizes the characteristics
and every effort was made to anticipate con- of the AGM-65A and the principal ancillary gear
tingencies and loop holes and to design "the developed under the program. (Its application

perfect contract" from both the government and to the F-111 was included in the CDP but was sub-
contractor's viewpoints. The resulting con- sequently deleted early during the development
tract was tough, but well understood by both phase.)
parties. The fact that it stood the teat of
time, was successful, and only one dispute The Maverick missile configuration is shown in
went to the Contract Board of Appeals, is a Figure 3. All of the guidance functions are
tribute to the negotiators and the people who located in the guidance section making Maverick

executed the subsequent program. the first U. S. modular guided missile. The
forward firing shaped charge fires through a

The RFP for the Contract Definition Phase hole in the guidance system, then through the

(.DP) was issued in July 1966 and development seeker. The warhead Is the lattest of its
o: the Total Package Procurement (TPP) was ini- type in any operational missile and is
tiated in July 1968. Test firings were com- extremely effective against small hard targets
pleted on or ahead of schedule, with a success such as the ones illustrated in Figure 1. The
rate of 91 percent versus a requirement of first warhead firing is de):cted in Figure 4
80 percent. All other major performance param- and demonstrates the lethality of Maverick
eters were met or exceeded. Initial Opera- against armored targets. The missile impacted
tional Capability (IOC) took place after the turret of the M47 tank. The forward firing
4-1/2 years with a combat squadron in Southeast shaped charge then penetrated the five-inch
Asia. Production deliveries of the 17,000 mie turret armor, the 11-1/4-inch thick gun breech,
siles, launchers, and associated support equip- interior tank structure, and exited the bottom
ment included in the TPP were completed 7-1/4 of the tank providing a "K" kill. All hatches
years after initiation of full scale develop- were blown and the tank was completely gutted
ment. Success rates in training and combat to by fire.
date are 92.2 percent and 88 percent, respec-
tively. The total program was completed at The missile is rail launchLd from either single
5.1 percent over the target price, or three rail launchers. The launchers are

carried on existing aircraft store stations
Among indications of the program's success were and were integrated with the F-4 and A-7 air-
the attainment by Hughes of all maximum positive craft without aircraft structural or mechani-

performance incentives, the program recelpt of cal modifications and with only minimal wiring
the prestigious Daedalian Award and the attain- changes.

ment of a total of four stars by three former
Air Force Maverick SPO Directors. The key milestones for the Maverick Weapon Sya-

tem program are shown in Figure 5. The date
The Maverick program is of particular interest for the Statement of Opertional Requirement
not only because of its success as a Total (SOR) is approximate since at the date shown
Package Procurement Contract (TPPC) but also a range of missile sizes from the Hornet
because of the short time span requLred for (=mlO lb) up to the Condor were being con-

its execution. This paper briefly describes sidered. The RFP was issued with a 200 pound
the weapon system, the program milestones, the warhead requirement and the CDP finally con-
environment during the competition and its sidered both 211 pound and 400 pound warheads
effects on the contract terms and conditions prior to the selection of the current warhead
and duration of the CDP program performance, size.
actions taken by Hughes to accommodate total
package procurement, technical and business The CDP was stretched about a year. Frow
risks perceived during CDP (plus those not per- start of DDT&E to IOC wa3 little over 4-1/2
cal eeived) and contractual versus actuals for years and to completion of 17,000 missiles and
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asscite ijimn wa 7-/ er.Tebcotnaprn Icuigifain

prorsam extension s t-1/ yar. h becomin apparent dees including inflcalprgation,

pothedoanemed infrtunatect the diela gaavneita dddt hecrfic ewe

postoneents- £ retospct te dlay aveThese political factors had a prnfound effect
us an opp-r~unitv to better consolidate theonteNvrc tta ak ecnrc.Th

tlesf~n.COP was stretched almost a year to permit the
Air Force to write "the perfect contract," or

ure 5 ere co tra to co du ted fl ght tC thperfect contract too. The salutary effect wasN 4

while the Category 11 (r ̂  II) tests were con- to permnit extcnsive face to face neg~otiations
ducted by the Air For- betWcee the compjeting contractors and the SPO.

It was enervating, but the resulting com'uni-
EFFECTS OF THE POLITICAL ENVIRON%1ENT cation led to a much better contract that was

thoroughly understood by all parties. (Such
was not the case on the SRAM and the C-5.)The political environment during contia.,t defi- These negotiations also permitted t~e govern-

nition significantly influenced the reb.iltirng set obeeraesth cpbiteth

contact Theconeptsof OP ad TP ~integiity, forthrightness, and capabilities of
"in," but the latter was starting to haveth cop in cnra osadter v
problens. The government reacted by tighten-th copin nraosadtei ke
ing the terms and conditions and establishing pronl
new gates. Ffforts to control cost were The share patterns were steepened - 'f2
riflerteI in dteepeT share patterns, lowe' uined on previous TPI's to 70/30 ard the ceiling
ceili-o.a, nd fixed price type contracts. In was dropped to 125 percent of target cost. The
a'Yit1,'n. tince-tainties in the econoriy wero r-riginal REP options (3) for production vere
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FIGURE 2

MAVERICK MISSILE SYSTEM:

changed to permit the government to buy each of redesign by Hughes and a repeat of -the CAT I1
the second and third options in five incre- tests without adjustment of target cost or
ments. These options Rave the government flex- ceiling.
ibility in adjusting to the vagaries of fiscal
funding but created major pricing problems for
the contractors and their subcontractors. The In thedmlestne rntr t ps-

on schedule, then the contractor had to pro-
government ultimately exercised these incre- ceed until they were passed. In the neantine,
mental options on a number of the procurements. the government's obligation on subsequent mile-
o t"stones or procurement schedules were slippedi; Four "Milestone Requirements"' or "Fly Before acrigy ~ els osy hstnvtd

Buy" criteria were imposed, although these accordingly. Needless to say, this innovation
acquisition buzords hadn'tattntion, as did the CAT I
a i hincentives. Prior history gave no hope of win-

1) 21 successful target simulation teats ning the positive incentives, but plenty of
prior to CAT f h esreason to expect either a significant negative

I lgt etincentive or be forced to redesign and start

2) 3 spec launches at envelope extremes prior CAT I over. The result was that we devoted a

to CAT II lot of time negotiating Section 4 of the spec
= orelative to CAT II test conditions. Hughes

also negotiated a clause in the contract for
3) 5 successful launches prior to production alsUneoiat y Ts t ro tra (U rili Roaheada "nique Rlability Test Program" (URT). o

go-ahead This was analogous to the TAAF (Test, Analyze,

4) pand Fix) concepts later conceived by NAVAIR)CAT II conducted by AP to spec criteria. and now being included in Navy programs.

I In addition, a success record of 35 out of 40
in CAT II tests would win a S3M incentive; One of the major advantages of TPP from the
whereas a 29/40 record would require a $1M contractor's viewpoint is that once having
penalty; and less than 29/40 would require a defined the contract in CD, there is freedo-n
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FIGURE 5

PROGRAM MILESTONES AND DELIVERIES

to proceed with the development with minimum with a plan created by Cost Schedule Planning

outside review. Thus, Hughes controlled CATI,. and Control (CSPC). Expenditures were about
with the Air Force monitoring for compliance $3-4M/month; and since the program wa coapleted
with the Milestone Requirements in addition to on schedule, it was also on budget.
PDR,-CDR, PCA and FACI. This is a big plus
when your key managers can work towards meeting There-was a lot of reporting. The best con-
the contract requiremente in lieu of spending municatiois were daily telephone calls and a

a significant' amount of their time preparing weekly report on statue. In addition, the

for monthly, bi-monthly, or quarterly reviews.' AFPRO was invited to attend tae weekly Hughes
staff meetings. Those meetings were always

A good Value Engineering (VE) clause should be" candid, so there were some indelicate Hughes
included-,,in any contract. The Maverick clause coments on occasion. The AFPRO wrote weekly
was unique at the time in that there were no prcgress reports to the SPO based largely on

iIstant savings to the contractor. No change theme meetings, but did not repeat any of the
in target or-ceiling-price due to approval of off-the-record comments.

a Value Engineering Change Proposal (VEC?) wa
made. Cost -sharing was in accordance with the Our design philosophy encompassed the
contract cost share pattern and was based on following:

total contract performance. * design for production by all parties from

Another unique clause-provided for i overs- the start of CDP through development

tional firina incentive. Success or failure * cost bogies and a responsible engineer fbr
was determined by counting the hits versus the each major subsystem were established dur-
misses. The Air Force was judge and jury. ing CDP and ware monitored during DDTL4

* well known technology was utilized unless a
more inventive need was found to be

MANAGING A TOTAL PACKAGZ PROCURENT mandatory
CONTRACT (TPPC)

* risk areas determined early in CDP were
subjected to critical investigation and

Key managers of the colocated vertical organi- test with Hughes money prior to DDTaE.

zation participated in the CDP and development
with gradual phase-out after the initial pro- The Unique Rliability Test Program (URf) pro-

duction deliveries. Cost management was based gra mentioned previously I.s important in

on holding the program schedule and perfor"nce avoiding the dip in reliability between CAT I,
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CAT II and production, The CAT I flight test by-%the government. It was startling to find

program was laid Out to provide early deterri- tiisip -pblem, since we had produced 40,000
nation of problemoareas (i:.e., worst case test Falcon ni-siles using the sami-propellant.
early in test program) in order to permit Seals for high pressure hydraulic systems at
early corrective-action without stretching loa -temperatures were state-of-the-art. et-2
CAT 1. Political-consideration-associated ter engineering in CDP should have recognized
with failures in flight test normall mitigate the latter problem.
against this approach.

Technical or value engineering solutions were
Financial risk was spread by careful selection found for all of the above without significant
of proven subcontractors for major subsystems. compromise to the operational requirements.
Each.major subcontractor was offered our
economic escalation clause. The major business risk perceived In the CDP

-m.s bankruptcy due to lack of a proven-produc-
tion oesig, We tried to minimize this threat

RISKS by spreading the risk by extensive use of
major subcontractors. Businass risk encotvn-
tered during the contract with qu pliers was

All things considered, there was a good far greater than we anticipated. The lar ver-
-assessment of tha technical risks during the sus-Non-War business environment wa. no.,
CDP. As a result, Hughes initiated tests anticipated. The change in sales, hence
and/or established contractual provisions such operating base, was a critical and sometimes
as-the URT, Vm. alause-, etc. a fatal problem to our suppliers. The number

oflChapter 11 losses was stunning. Part of
f'arit.g CDP,, Hughi initiated contracts with the problem is the simll businens syndrome.
three aircraft c panies (McDonnell, LTV, and Beci&ae of this risk, on two occasions largeGeneral Dynamica)- for wind tunnel tests of the mult-divipion companies were selected. The

multiple rail lnauncbh!r; and negotiated inter- results were not that different in the end
face specs Afnd Interface working agreements to gaie. A good solution to this=issue is not
sol-;e what otherw-in- e i-ou3A have been a formid- apparent. )
able problems in ci ing, schedule and, hence,
codt.

SCHE.NILE ANt CCGqT PERFORMANCE
The wartead-penetr at4.on problem, due to the , I
clone proximity-of the guidance unit while the
warhead ahaped char.ge was forming, was-formid- Thus far, reasonable covcr sgehhas been given
able. Strangely, the initial warhead concept per- to-the back ground environsent, effects on- the
formed properly In CDP, then gave sporadic contract, and the way Hughes approached the
results in D'T&Z,1 This problem was compoun-led problems and risks. Much of the dialogueo
at out biitLal subcqncractor by a 10/1 reduc7 sounds like a- prelude to disaster.
tion -n his sales due -to the phase down of the
Vietnam war. We finally terminated the con- To the contrary, as shown in Figure 6, the
tract and vent to-another subcontractor. schedule was largely met o-. beaten (/).

Behind-schedule performance (x) occurred-
The tracker, with a requirement for handling rely. The overall schenule-was-met to-
any tactical target under varyingicontrast, vir iny ld percent. This performance was-
attack angle, llghtlng conditions, size, etc., achieved by hari work, ddicated people,-good
was a difficuli divelopment but more manage- management, and minimal external distraction.
able than anticipated ih DDT&E. Teats con- Ks an example of the la.ter, we didn't have to
ducted during CDP helped shape the spec for propose and negotiate a new contract everyI CAT II. A far (i.e., stabilized environment). Accept- 2

ante of good value engtneering-proposals by
The fallout of-unkn.rn -1isks was not too bad the Air Force alsa crotributed significantly
considering the magnitude of the prugram. to the programs schedi lezperformance.
Th-e Safe Art an&Fuze (SAP) pioblem could have
been foind du-ing- the CDP by better engineer- The most difficult pr)gram milestone was in-
ing antlysia. The vidicon-problemawere state- h'olding the schedule for the first flight.
of-the-art and-process control. Vidicon tem- Oertime i was extenst"ely used-in the solution
peratura range, for example, iisdn't been of numerous and difficult problems. Subse-
explored before. Making batteries is an art in quently, a more reasonable pace was possible.
design - that- also is easily-lot, in the
r~anufac'urlng process. A rocket low tempera- Another difficult p.votab.- event was the
ture problm wan-caused by ovsr-specification transLtion from a 13w-delivery rat-
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MONTHS FROM 00OANEAD
ORIGINAL PLAN ACTUAL-

FIRST JLTTISON I EST 14 12%
FIRSTSEPARATION FIRING 14 1441
FIRST 1IUIDED MISSILE LAUNCH 17 17%

COMPL. OF 6 SUCCESSFUL GUIDED MSL FOR PROD 23 21%.1

COMPL OF 3 CAT 11 SPEC READINESS DEMOS 29 29%1t
COWPLOF CAT IFIRINGS 29 29 V

OWOr CTIf FIRINGS* 40 38 V

IIILPRODUCTION HARDWARE DELIVERY 45s 45 %1J
(G.LAUNCHER AND AGE)

FACI 6460X
COWPLOPT ADE.LIVERIES' 54 Go X

= ~COWPLOPT @DELIVERIES*.7 7.

COWPL OPTCDELIVERIES" 05 g1

-CURTAI LED DUE TO 2W27 SUCCESS RATE
-AF EXERCISED 413 DAY DELAY IN PRODUCTION OPTIONS

FIGURE 6

SCHEDULE PERFORMANCE

developmental facility to the high-rate pro-
duction facility in the middle of the CAT Ir
flight test program. The change, plus Hnra- I lI IT PERCENTAGE
Ing the rate from one or two a month to eight
a month while maintaining reliability was a
touph job but was essential-to the future aue- "VMV1N 13 ot a
cess of the CAT 11 flight test program. (IMOL OT641

- 0 27 90
AIRCRAFT :y4TEGRATION

The success rate In-CAT I-piermitted us to CMDAT li at a
reduce the firing program-by about 20 percent
and-in-CAT-II ihe nearly perfect firing OPERANL TRAINN 210 3 0
record of 27/28 led -to its termination with a'-
30 percent savings In hardware for other uses. ___________

The CAT-I and 11 flight test programs and TTAL 55 42 S
ground tests of the warhead showed thet the _____________

Maverick AGM-65A equalled or exceeded all the
major-requirements. The-mission success rate IGURE 7
yes 13/16 In CAT 1, 27/28 In CAT II for an
overall rate of 91 percent versus the 80 per- MAVERICK LAUNCH SUMAR!
cent required. The aen radial error from
target gecusetric centroid was 3.4 feet versus
6.5 feet. (Amisis a failure; only hits are wsaulrfco otiuigt hssc

suc~~cess)cs. The original target cost increasedfrom
$323.2M to $418.6M, of which $78.7K was due to

Carrying three missiles per assigned airframe Economic escalation and $16.7M for scope changes.
hardpoint was achieved on both the A-7 and F-4 No economic escalation was provided during the

arrf.Warhead penetration was subston- first two years of the contract and a 1 percent
tialy beterthenthe equremetsdead band was provided *round the normal pro-

The Maverick Launch Su ma ry given in Figure 7 jected escalation with no adjustment.

phovs that the success rate has hold up well Maximom performance Incentives of $3M and $5M
af ter CAT I and 1I, including an Impressive were received for the CAT 1I and operational Iv
88 percent in combat and 92 percent in training Incentives, respectively.
and demonstration firings.

The Maverick program could not have bean
The cost performance for Maverick Figure 8 was accomplished without successful-application of
just -as -impressive as the schedule and technical the Value Engineering clause. Of 143 VE
Verformaonca. The total program was-within 5.1 change proposals submitted, 90 were approved,
prcent-over target cost. Program continuity Sao Figure 9. No significant compromises In

Na1t-
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bORIG ABNORMAL
CONTRACT ECOW SCOPE ADJUSTED FINAL

(TGT) ADJUST CHANGES TARGET- EXPENDITURE OVER TARGET

DDT&E $94.5 $ 8.j5.3 $108.3 $116.0 7.7

-PROD -OPT A 66.7- 14.3 7.4 88.4 95.3 7.8

OPT B 67.4 -19.3 0.1 86.6- 90.8 4.8

-OPT C 94.6 36.6 4.1 135.3 137.7 1.8

TOTAL 323.2- 78.7 16.71 -418.6 439.82 5.1

I. INCLUD1ES ABORLAMNADJUSTMENTS OF SiAMF- 2. EXCLUDES Si 1 .2M IN PERFO RMANCE INCENTIVES AND'FMS

FIGUR 8

MAVERCTwiP COST PERFORRANCE

*-,vECP - SUBMITTED0- I4 C_

APPOVE 90Figure -10 shows the-total program manpower ver-
APROE isimie-for the- Haverick-program -f rom Initia-

fioi -of -th e CDP through- the initial phases of
Ics DOTE $ 3.9m the-tbird opin eea -gif icont points

shbvild -be made:

ii - PRODS29.M *-manpower-during-CDP peakedit about 300,
0 ULR OTSVNSSO7 -then -dropped-to-about 40 durfr.g negotiation

(COST~~ -FONRSI)*subsequent to start of DDT&E-, there were no

* HC AD MVEICKSPOREC1VD 171 SOinterruptions-for decisions-3 progran man-

HACicras goin frVRIC theRCEE 19st to -je toh e
pawer-vas maintained as reqiiirzd togeth

VECP AWARD Job doni -

FIGUP.E 9 a the manpower In production-'did not radically
VALUE~ ENGIntERING *options even as the peak missile-production 4

rates in the optioas vent-from about 275 to
550 to 850/per month

operational capability were made. In fact,*alooseethsutnialrdcinnI t~iei~er ormance is-s sbtani bet- hnthe percent of support-for mana&mn n
ri~~x~d i may citial-ares. Vale Egi-engineering from 17.4 to 7.6 In going from

neering savings In developmen -and production the 1st to 3rd option
-total $29.22M, with an r.14itionil savings of-I$*G.7Mi anticipated Ir. .e cooilt- of ownership. 9 -Long-Lend Time money-for the -2nd and 3rd

Ai.-nereiting aspct 'f the =Iatfer is-that options wat-included in option 1, and addi-
storage ex~perience aeccesu-rate-showa that the tional LiLT money for option 3 was Included
missile can be-atored for two years with stic- in-option 2.

coasul heckutsrunnng 7.3 ercnt.Program and-fiscal continuity-permitted the
g 1!!uhei and -the Maverick SPO received the; 1971 above-tb happen with-the happy-results previ-

Aeronautilcai Systems DivieF~iiASD) Value Engi- ously-deseribed. It-is-interesting, to note that
nerng(T aad.Rgd deence to 'tje if the-Air Force had '.t ha:Illughes tied to a

pcIfications and contractiand rejection of TPPC, the AF would have stabilized at the lat
I-ie engineering changes were injor contribu- bption productioci rate vl1, it coat Increase of
torw-to the C-5 overrun (See tie report to See- 25-30 percent without conaiderario-% of Infla-
rettry of the Air Force Seamans on the C-5 tion. P~rsrm con~tinuity and a nearly optimumn
o':irrun) . production~ rdta paid of f.
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Considerable stress and etfort were necessary * Modest expenditures at the beginning of a
to meet the initial fligbt date. The reason program to define and investigate potential
for the difficulty was inadequate funding to problems will prevent later schedule slip-
continue CDP initiated production design and page and major expenditures.
program planning during the negotiation phase.
As a result, our desig-a team dispersed And was e Careful selection of known technology appro-
either lost LO other programs or had to start Ipriate to the real need and application in
with inadequate program planning or technical lieu of high risk technology is a major key
definition. A few $M added to the CDP for to rredictable performance, schedule, and
continued design-pnd planning, small relative cost.
to total progran dollars, would have avoided
th e problem of meeting that important first * A production design, backed by systemoanal-
flight test milestone. ysis, simulation and critical subsystem test-

ing, in conjunction with a reasonably
c,-..ed CSPC progrem plan and extensive

CONCLUSIONS face to face tuegotiatione provides the

basis for good source sel-ction without the
cost In time and money for full-3cale sys-

A number of lessons can be learned from the tam fly offs.
success of the Maverick program which are
equally applicable to industry and the A method, such as the Maverick VE program,
governm.nE. for the expeditious treatment by the govern-ment and the contractor of unnecessary and

" Program continuity provides major payoffs. costi) contractual and technical require-
ments i, essential.

* Sequential decision making without funding
and manpower continuity is an assured way a The selection of optimum production rates
of increauing cost and guaranteeing yields large unit cost savings.
overruns.

* Finally, sound engineering, good people, and
@ A fully integrated service SPO including strong management with a contract thoroughly

management, engineeriug, contracts, finance, defining responaibility and authority plus a
operations, and support, etc. permits deci- little luck can achieve extremely imprefsive

siva, tisely programmatic decisions, results.
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KEY ISSUES IN PROCUREMENT STRATEGY IN ADVANCED TECHNOLOGY ORGANIZATIONS

Dr. Ronald L. Schill, Brigham Young University

INTRODUCTION relationship, procurment personnal should play
a key role in making interactions with internal

In recent years, shortages, inflation, and rapid efforts within supply companies. However, this
advances in technologies causing product obsoles- philosophy is not shared by all. Recently a top
cence and tremendous cost decreases -- such as procurement executive with an aerospace firm
in integrated circuits -- have had pronounced indicated to the author that relationships with
effects on organizational buying strategy. This suppliers should be kept at "arms length" to
paper examines several key issues which will avoid any implications which might result if
shape organizational buying in advanced technol- suggested actions were taken and results were
ogy organizations over the next decade. poor. He indicated that companies which take

a principally influential stance in management
The Environment of Strategic Issues decisions and processes in supply organizations

run tremendous risks of involvement beyond what
Companies with advanced techrologies* both was bargained for.

in'products and in production (assembly/process)
methods tend to have problems which are accent- Organizational Context of Procurement
uated by, if not characteristic of, the advanced
technology environment. These problems impact One of the key aspects of change is that
ypon the entire spectrum of management, including of the organizational context of the procurement
production. finance, marketing, engineering AND function --both in the system of functions and
industrial procurement. This paper deals with the system of structure. The system of funct-
organizational buying problems, in both private Ions --procurement process --deals with how
and public organizations, and considers the strategic issues become included and managed,
issues relating indirectly to the procurement whereas the system of structure relates to the
function through other functions in the organizational level and working relationship--
organization. boards and corrmttees--which procurement occupies.

Farmer noted that both functionally and struct-

Organizational buying processes, especially, urally procurement has been in an administrative
the strategic issues involved, have been seen mode --and still is for the most part -- in most
as of limited strategic Importance until recently companies(2). Amer (3) indicated the role
in most comoanies. A number of observers of of procurement relative to overall risk taking
st'rategic planning, including Ansoff (1), have decisions in management:
categorized organizational buying issues as
"administrative/operationsi" rather than strategic. To general management, risk in purchasing
Consequently, one of the important strategic should be avoided, because failure will
issues is the organizational context and role cause more important activities to incur
which the procurement function has within the losses. The reward from taking risk in
structure and operation of advanced technology procurement may be overlooked. Thus,
companies. managements are willing to risk a loss of

$10 in marketing providing the odds favor
External to the firm, key issues include the their making $100, but may reject essent-

identification of and access to technology and ially the same risk-reward relationship
the organizational dependency upon technology when a purchasing decision is involved.
within the supply channel. Management of this This has a major impact both upon the organi-
dependency includes influencing the mixes of zation and upon those who are buying from the
research, development, and production of products organization. In the latter case, suppliers
and production processes of key suppliers. One who treat their own procurement function in
way to do this is to contract for these services such a mode may be missing key issues and
and activities, which is costly to the buyer. opportunities relating to the procurement funct-
An alternative way is to influence them indirectly. ion. Consequently, it may be a key role of
Of particular focus is technology utilization and personnel in purchasing not only to influence
development, their own position in their organizations, .ut

also those of the purchasing function in !heir
Identification and management of supply supplier organizations.

relationships is of key importance in advanced
technology industries, since there is usually The author completed research not long
a considerable amount of exchange of technical ago with the Raytheon company wherein the pur- -A
information, financing of tooling, and access to chasing function was not managed in a strategic
and use of information and'production data. Pro- mode in the Microwave and Power Tube Operation.
blems tnvolve management of investments, financing Since Raytheon was selling sole source to its
and various risk sharing arrangements, In such a captive --Amana Refrigeration --strategic issues
*State-of-the-art,
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within the marketplace were not examined or made K4yistudies within the U.S. Government include
part of strategic purchasing planning. Tremendz h OFPP pamphlets and directives which have
ous increases in tne market for microwave ovens been published in recent years (7), the Bell
-coupled with drastic price decreases in components Report (B), the AFSC conference proceedings
from Far Eastern imports left MPTO in a position (9), the Standord Research Institute report (10),
where it could not even approach an ability to and the more recent "Profits 76" study (11).
compete with foreign sources of microwave tubes
in cost and quality as well asproduction quantity. Technological Access and Transfer
This lead to a decision made in 1977 to cease
supplying Amana and a fold-down of.MPTO operat- In addition to organizational changes, %
ions (4). issues dealing with technology access and

Typically, source relationships in industry transfer are-also emerging with- increasing
as well as within the internal environment of t s i a. T pc of t
the 'irm focus on short-term supply assurance, nolugy dcq,l-ition, not merely materials and
prics, del or, ceduin and other opr hardware buying, is an emerging part of strate-

ational ars %:th limited "big picture" focus. gic procurement. Three important issues relating
When straegic issues become recognized, they to the technology base to which : company hasWhen strategi issues beom recognizedt.ey access are (1) gaining access to nea ind rapidly
are either dealt with by other functions in t!'e acs r I ann cest e n ail
a y e or are left to chance solution --hoping changing technologies, (2) providing incentives

company o awayp both internally and externally for technological
they will go awa.. development and change, and (3) sharing the risks

The procurement function is both shaped and associated with technological-change. Just as
provides shaping to the state-of-the-art envir- production decisions involve "make or buy" so
onment. Within a climate of technological change, do technological decisions --do we develop the
Where results are unLertain, there are consid- technology in-house or contract for it? This
erable risks in decisions. One key response question is becoming more and more a part of
which has occurred at.Raytheon is the hc-zontal, strategic procurement management.
-rather than vertical, organization of the funct- -H
ion. That is, buyers tend to specialize In A major issues is recognizing the extent
specific commodities/components and learn the of dependency which an organization has upon
markets for these items. This type of organiz- its suppliers with respect technological access.
ation has lead to Raytheon's Materials Strategy For-example a procurement manager might be
Council (5). The company uses several company- quite constrained in negotiation with a company
wide contracts for common materials with buyers upon whom his organization is dependent for
specializing in semiconductors, for example, major technology change and severely limited
buying for the whole company. The Council is in alternative options.
a groip of buyers in a common commodith not
bought under a common contract, but who meet Incentives for technological change include
monthly (representing their own planst and both organizational, financial, and marketing
divisions) to share inforration and strategy. issues. Often incentives are based upon proj-

ected market potentials for new products and
asdenothfe keyg issue iflueingr c(uemen upon the development of good marketing strategics

was identified long ago by former AFSC (U.S. for exploiting new technologies in order to make
Air Force) Commander, Bernard Schriever (6): justifiable the large capital outlays whicm may

be involved. Market forecasts can be "shakey
The pacing factor in acquiring technolog- because of the potential obsolescence which the .

ically-based modern aerospace systens is high technology environment provides for itself. I
management, not science and technology. Consequently, the very market opportunity which

The ability to develop and Implement effective makes possible a new product can also spell its
management systems for -stens acquisition is future in quite negative terms.
a top priority in the rospace industry. Other
more recent acqknow ,d ;ments of this are Technological access and transfer involves
represented organizationally in the formulation both products and production technologies. Get-
of the Office cf Federal Procurement Policy in ting suppliers to make needed capital commitments
Federal Procurement Institute, both of which are major procurement problem. The author recently

charged wich major organizational roles. Within researched Sears in the area of new product
the Air iorce organizational changes have occur- development wherein the company had some raa~or
red within AFSC in expanding the procurement difficulties in getting sources to invest in
office to Include "manufacturing" as well as new product desigh changes because of the fear
procuremmt. This office has key interest in that product life cycles --muld obsolete the
innagement of manufaCturing technologies within new products before tooling could ho amortized.the industry-base. Finally, the Air Force Bus- Innovation in the marketplace can spell difficul-

Iness Research Management Center has beenm chbrgLd ties for procurement managers aimed at gaining
with responsibility for researching procurement innovation among suppliers.
problems and managemetht in order to improve the Typical among the various problems of tech-
process of aerospace buying. 1t0
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nology transfer, in addition to technology incent- an expectation that if the results of the supplier
ive, are various methods in supply agreenents, are sufficient and his offering is competitive,
such as (1) coproduction agreements, (2) teaming there exists sufficient cash flow to justify his
arrangements, (3) licensing arrangements, (4) buy- capital outlays. Consequently, procurement
ing out entire plants and companies, (5) contract- managers must be good marketers, perhaps knowing
ing for training in high-technology areas, and good marketing strategy for their suppliers --even
(6) financial support of various kinds. One key suggesting it to them. Consequently, a key issue
problem is that when technology is shared, it in the role of a strategic procurement manager
can be modified by the recipient and it gradually is management of the supply and demand within
loses its identity and proprietary nature, the supplier/marketer channel.
Frisbee (14) noted that U.S. control was minimal

L over the export of indigenous technology through Such an entrepreneurial role can have
its allies wxcept through voluntary cooperation, anti-trust implications. Purchasers must be
and that the Soviets have bought from the West aware of just how far they can go without causing
nearly 1000 complete manufacturing plants ranging a significant restraint of trade and collusion.
from automotive products to chemical, electronics So far laws have been interpreted quite freely
and metallurgical production. The Department of in many instances, especially where Government
Defense is in the process of refining, simplifying, interests favor teaming arrangements between
and expanding its machinery and procedures for prime and subcontractors.
analyzing incipient dangers in the export of
specific Items of U.S. technology. Figure 1 shows a typical model of supply

and marketing operations within a channel:
Management of R&D and Product Mixes (A4J

'A

To the extent that a company is integrated M'
backward it becomes less dependent upon external 411) 0 a
production and technology in competi:g for key a) Li.

resources. However, too much internal control - CL C
can limit acquisition and access to the variery 5- . 0of competing sources. The content and pace of o U I- Wa.
suppliers and potential suppliers is a key issue .the researh-mix and the development-mix of CLt =4:

in strategic procurement planning. Traditionally 4" 4J 4.dJ S
procurement managers have taken a passive role 0

in this regard settling for whatever suppliers ca t_ r_ U

come up with --with the exception of R&D contracts. ..f g 'U
Purchasing personnel play a very little role in /4J10
influencing supplier marketing decisions. This- a C _
stems largely fron -he lacking entrepreneurial d) '

role which most procurement managers see for 4J _ M
themselves and in assumed prerogatives that -
marketing takes the initiative in product devel- E C -opment. However, procurement personnel can occupy
a strategic "boundary spanning" role in managing 4 c .-en in .

the outside forces affecting the supply market- \ .
place (14). e in $ I_

Strategic management of product mixes includes " 4. s- CL
providing incentives and negltiating even the CL 4 L. 6 C

diversification of potential suppliers into a f (U
line of effort and new technologies and products 1 C & "'
within the "demand perspective" of the buying ci

organization. This can influence the technical U L .
directions as well as the "down the road" acquis-
ition of output and can result in major product .
mix changes available to te buyer. The opportun- This shows a three-tiered supply and marketing
ity for influence is broad, ranging from the system. Supplier A makes som acquisitions,
acquisition of technology to how the supplier such as raw materials, and thcse must be
deploys and uses that technology within his own coordinated internally within A and with the
organization as well as with respect to the purchasing plans of B. The first case demands
selection of his supplier and customer bases. an intracompany planning and forecasting system,-- es. while the latter is channel oriented planning

An important issue is the management of and forecasting. The same is true for B with
expectations. This includes the development of a respect to buyer C. Each organization has
"market" for technology within the buying organ- options outside of the system for marketing and
izatlon without commitment to single source or for purchasing, an assumptlon that is not always
"must buy" implications. However there must be true.
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Where supplies of materials or technologies seen as dynamic and progressive one day can be
exceed within system demand, outside marketing considered too much that way later on when he
may occur. Conversely where demand exceeds supply, wishes customers to expand the breadth and depth
outside buying can occur. When technologies are of their buying. On the other hand, a supplier
involved, instead of products, this outside that has spent considerable sums in tooling can
sharing can be detrimental to the system and balk at efforts to produce new products when his
reduce system-wide effectiveness as a competitive present tools are not yet amortized. Consequently,
unit. supplier selection and evaluation criteria need

i o take innovativeness into consideration as well
Technological decisions in supplier organ- as the extent and rapidity with which it changes

izations include decisions relating to technology over time. When considerable coolaborative
applied to such areas as design to cost, long- dealing is needed, as is often the case in high
range forecasting of supply needs and the role technology industries, this can cause conflict
of technology in product mixes. When efforts are vhicn is :o-ferproductive to the technological
geared toward matching technical feasibility with environment itself.
market opp'-t,!"ity, a viable competitive system
unit is nIt becomes important that procurement

managers profile the strategies of the;r own
Quinn and Cavanaugh (15) raised the issue of companies, of their current and potential suppliers,

procurement playing a role in influencing whether and competitors in order to have the needed infor-
and how much research suppliers should do, what mation to make good strategic decisions. Such
portion goes to basic versus applied research, profiling is usually limited to short-term issues
what technology content and objectives are sought, such as price, capacity, delivery time, and so
and the level of expenditures allocated. In most forth. Audits of supply markets and individual
situations if this is done at all it is done suppliers in areas of costs and technical lead-
very indirectly and merely by encouragement. ership change become critically important.
Each of these areas can have a major impact upon
"down-stream" costs and the competitive profile Sales market forecasting has been developed
which the supplier will have. Relevant costs as a science for a number of companies, but supply
can include process costs, investment costs, market forecasting is even lacking in conceptual
costs associated with product performance, down- models beyond mere commodity price forecasting.
time, and life cycle costs. Gaining "up-front" Supply market forecasts need to include not only
effort can become a key opportunity for the buying materials availability, but also technological
organization if the procurement manager plays such forecasts and changes in the entire marketing
an entrepreneurially strategic role. activities of suppliers-and supply markets.

Understanding market characteristics and the
Inherent in this role is the buyer's respon- forces behind those characteristics is a key

sibility to forecast changes, directly and in- element of strategic procurement. Roman (16)
directly, in technologies aid the forces shaping distinguished between commercial and government
technologies (such as cost reduction in the markets in a number of criteria. His model is
semiconductor industry). Procurerent managers modified in Figuri 2.
can play a key information system role within
and between organizations if they are focusing One key operational-issue is understanding V;

upon such issues. Such foretasting becomes an and responding to product/institutional life
important decision-making tool where up-front cycles of suppliers. Although the concept of
investments are made and down-side risks must life cycles was initially developed to include
be analyzed. Strategic supply impact studies, sales growth over time, there are significant
identification of emerging technologies, resource changes which occur over the cycle which
management plans, and strategic resource needs influence procurement plans of buying companies.
studies can all play an "iportant role in this Among these are:
type of analysis. Mor iyoptic buyers get engros-
sed in price hagglir_ : .1 expediting that causes (1) Changes in competitive strategies of
them to miss strategic issues. suppliers, including changed positioning, market

share targets, price/cost data, and quality.

Strategic Planning Issues
St_.r lannnq Isues(2) Changes in demand for resources as more

The environment of internal and external and more marketers become involved in selling the
technological change provides considerable oppor- product and more and more buyers compete for sales.
tunity for conflict to occur among the supply and (3) Changes in product profitability over
marketing channel members. Part of the r6le of time, causing changes in oranizatonal goals and
procurenent Is to identify and manage this conflict.I Organizations in the channel relate over a wide strategies.
range of issues and activities, and prerogatives (4) Changes in markets and supply/sales )
can bp held where functional responsibilities can logistics factors.
become sources of irritation in such areas as
financing innovation, compatibility of capabilities, Investment/Finance/Risk Issues
and cost/price analyses. A supplier which is
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Market Characteristic Commercial Markets Government Markets

Procurement Method: Systems approach Components approach

Facilities and Capital: Marketer provided Buyer provided (often)

Urgency: Dependent on market need Dependent on mission, high
time emphasis.

Underwriting of risk: Seldom by customer Often by customer

Profit oolicies: Market forces Customer policy

Basic research: Seldom procured by customer Often procured by customer

Applied research: Sometimes contracted for Often con-racted for

Personnel shifts: Infrequent More frequent

Lead times: Sometimes long/market tests Usually long

Product life cycles: Varies by demand Varies by funding decisions,
A managed decision.

Controls: Less direct influence Often direct influence

Direction and thrust: Market directed Technology directed

Certainty of future: Often multi-year contracts Decisions by governing body

Market condition: Salability Mission need

Cost orientation: Within demand valuation Budget oriented

Project selection: Return on investment Priorities of mission

Competitive orientation: Direct Indirect

Operating control: In hands of supplier Regulation oriented

Figure 2: Contrasting characteristics of procurement/marketing operations with respect to markets
between commercial and government buying organizations.

There are different types of risks as well over the past several years have run into over-
as different amounts of these types of risks assoc- runs as -uch as 1.8 times average for time and
iated with procurement of advanced technology items. 2-3 times in cost. These are end results of
Types of risk include: risks in the above areas.

(1) Technical risk -- Can the project be done? Risks are accentuated by the nature of the
procurement --and, consequently, upon the buyer's
ability or inability to command and manage risk

(3) Cost risk-- Can it be done in the budget? variables. Inherent in the buy decision is the

ill paying of a profit to the supplier to manage the
(4) Obsolescence risk -- when delivered wil project, antiosqety oe utgptoo

it be. too old? rcosequently, some buying philoso-
(5) Capital rcovery risk -- will the return phies take the point that since the supplier isncapital eovery b withe re turndis being paid to manage, buyers should not take

an aggressive ccntract management role. Such

(6) Management prerogatives risk -- is mana- a philosophy Is like telling a foreman he is
gement capable of handling the project? being paid to manage a shift and not having

management checks to see that he indeed does
(7) Contingencies risk --What will happen that.

that isn't seen today?
(8) Market development risk --Will the market Responses to risk vary, and the following

still want it when it is available? are some approaches used. Discounted cash flow
analysis regarding proposed capital outlays

(g) Competitive advantage risk -- Will comp- has become increasingly more i,,oportant in proc-
etitors who want until we commit have urement management. Contracts --often referred
a lead with a better product? to as "supply agreements or definitive agreements"

can vary in the means for sharing risks. Possib-
Technical risk is associated with the state-of ilitles include redetermination clauses for risk

-the art and is influenced both by the distance factors, data rights, unpriced options, tailored
from that state and the relative change velocity incentives, sharing of costs, and escalation
of the state. Thus risk assessment in a technical clauses, to name a few.
sense must address these questions. Recent
research has indicated that Government contracts A significant investment problem recently
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addressed by the U.S. Government is that of risk (3)A larger role --perhaps even an entrepren-

of obsolescence in facilities in the industry eurial one --for procurement managers with focus
base. The problem has been tagged "assurance oninfluencing marketing operations of suppliers,
of industrial preparedness," as an extension of such as research and development and product
the concept of "military preparedness." This mixes.
indicates that a key element in defense strategy (4) Management incentives and programs for
goes beyond the military system into the industry devegop in cnes n productiodeveloping technological changes in production
base. Research has indicated that there are methods and processes used by suppliers to create
signs of certain factors in the industrial base better cost efficiencies.
having neither the capacity nor the desire to
respond to defense surge requirements. The (5) Better identification and management of
reduced capability of industry to respond will supply channel conflict.
have progressively serious implications for theU.S orcs. Smilr prbles ofen xistfor(6) improvements in procurement information
U.S forces. Similar problems often exist for syst.e,, for early detection and forecasting of
mass .arketers -- such as the example of Raytheon-- changes in technulogy and other strategic issues.
wen dema d surges occur and market shares change.

(7) Better coordination of pro.curement
A remedy used in commercial industry is multi- strategy with other corporate straegies.

year contracting to provide for capital recovery (8) Improved methods of investment and
over time. However, in Government procurements, finance risk sharing.
the buy is budgeted on a year to year basis. Both
Boeing and McDonnell-Douglas provide classic

exaple ofconideabl ivesmen rik tkeninThe time to start preparing for this roleexamples of considerable investment risk taken in is now, and companies and other organizations
an environment often lacking in even letters of must recognize that the frontiers of industrial
intent (17). Where a one-year contract occurs, advance rest more and more on managing the
or when an entire program can be "scrapped" by acquisition of resources --material and technical--a Government decision --such as B-l-- timi/invest- or else the "future shock" that is at the doors
ment risk management is difficult. Evan:, com-rented risk m emay "huff and puff and blow the house down" for
nne (1laggards who have built their procurement homes -?

Firris that fail to replace obsolescence and of strategically unsound materials.
inefficient production are going to feel the References
results... we are on an avant-garde in
technological innovation of products, yet (1) Ansoff, I., Corporate Strategy (New York:
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ACQUISITION PLANNING FOR THE NAVSTAR GLOBAL POSITIONING SYSTEM JOINT PROGRAM

CAPTAIN BARRY M. ZILIN
UNITED STATES AIR FORCE SPACE AND MISSILE SYSTEMS ORGANIZATION

Planning for a weapon system acquisition is a perceived that none of the Government's alter-
complicated challenge. Since there are many natives were optimum. The Government then
disciplines associated with acquisition, requested that corporate business management
operation, maintenance and support, current either present the briefing or participate in
regulations strongly suggest including repre- strategy development.
sentatives from each of these disciplines in
the planning process. The regulations do not, How did all this work? We think the results
however, take full advantage of the experience, were phenomenal. Nine of the eleven original
skill and expertise of industry, a major part- cowpanies involved, briefed us. The briefings
ner in a weapon system's life cycle. In evolved into open discussions with small but
order to draw upon this vast reservoir of equal representation on both sides. The
experience, Air Force Systems Command uses senior members of the planning group repre-
draft RFPs and often extends proposal times to sented the Government and many companies
allow for contractor comment on our require- brought vice presidents to represent them.
ments. Unfortunately, it seems that for one The Government planners did not enter the
reason or another, contractors contributions briefings with a general consensus and it was
are frequently cosmetic. Perhaps fear of evident industry did not either. This stim-
giving away their approach to the competition ulated an excellent open exchange of ideas.
is a contributor. However, an equally signif- What did we get out of all this? Almost all
icant factor is Industry's general disbelief companies took the opportunity to present
that Program Offices want comments. "Not their strategy, and although each company's
invented here," though few will admit it, strategy was understandably favorable toward
haunts us all. its own strength., we all benefited and

achieved a great deal of insight into each
The NAVSTAR Global Positioning System Joint other's thought processes.
Program Office (JPO) and the SAMSO Deputy for
Procurement and Manufacturing recently conduc- As each briefing progressed, it became readily
ted a Business Strategy Panel (BSP) in which apparent that the Government knew a lot less
acquisition strategies were developed for about industrys' desires than we thought we
Full-Scale Engineering Development. Program did. (Only once did the Government team guess
Office and procurement personncl went through what a company would suggest for a business
the normal planning, trades and analyses prior strategy). Our analysis of industrys' brief-
to the BSP, except for one interesting twist. ings, overlaid on our acquisition planning led
They obtained business inputs from industry us to an acquisition strategy that is not
before finalizing their acquisition strategy. optimum - but is'the best available, consid-

ering real world constraints. Industry now
The process went like this. First, a Govern- knows what types of contracts and incentives
ment planning group developed several alter- we are contemplating, how much money is
'native strategies. However, instead of available for the total acquisition, what we
completing an analysis of the alternatives and want to achieve with our funds and that
recommending one to the BSP, they allowed time we want maximum competition for a realistic,
to query industry. Prime sources were sought achievable program. This should encourage
and briefed on the Government's requirements draft RFP comments and discourage buy-ins.
and its current thoughts on acquisition strat-
egies. Program budgets were discussed and Would we recommend continuing this approach?
each potential procurement was scoped for cost. You Bet! It makes good business sense.
Then, industry was given an opportunity to
return to brief the planning group on the
strategy that would increase the potential for
achieving program goals within cost, on
schedule, and with the least risk to both
parties.

The ground rules established this to be a
business discussion - not a technical briefing
or marketing pitch. Industry was given the
fiscal and schedule constraints of the program
and was told to challenge requirements that
were unachievable. They were also given a
written list of questions to use as a "straw-
man" in developing their own strategy, if they
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PROCUREMENT STRATEGY FOR SATELLITE AND SPACE SYSTEMS ACQUISITION

Vito Pagono
Air Command and Staff College

ABSTRACT

Procurement of Satellite and Space Systems is
funded in the same way as other systems are pro-
cured,=by full funding. Although this method
is required by Congressional, DOD and Air Force
guidelines and regulations, it is not tailored
to the peculiar characteristics of space systems
acquisiti, i t gh technology iind low volume pro-
duction.

The objective of this study is to describe the
environment within-which space systems acquisi-
tion takes place and to emphasile how the-tradi-
tional weapons systems acquisition process is
applied. The study defines managerial and
technical impediments which are engendered using
full -funding within the systems acquisition pro-
cess. Innovations to the existing-syste as acqui-
sition strategy are proposed and conclusion
s nemphasize the need to convince Air-Force, DOD
and Conqressional authorities that space systems A
acquisition effectiveness could be enhanced if
current guidelines are modified.
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DESIGN TO LIFE CYCLE COST IN THE AMST PROGRAM

Captain Jerry A. McEwen
Aeronautical Systems Division, Wright-Patterson AFB, Ohio

INTRODUCTION predicting these types of costs. Several

coordinated analyses later, you have a cost
prediction technique that all agree will

You need some economic advice. Your company's allow you to select a truck with the lowest
old fleet of short-haul, specialized delivery predicted life cycle cost. You're also
trucks have given good service for over 20 beginning to find ways to cut down some of
years but most are now worn out. What's your "minimum" requirements and improve the
worse, the company has developed a whole new design to lower the total cost. Now you're
product line to meet some stiff competiticn even getting smart enough to ask the
and the new equipment simply won!t fit in the questions.
old, narrow body trucks. Even with smaller
items, the old trucks couldn't~make deliveries HOW CAN YOU BE 'SURE? - How can you be sure he
directly to the construction sites where the will develop and build the trucks to meet a
equipment was needed. Some of your more predicted total lifetime cost? As you ponder
daring drivers have tried to in the past and this question, the vice-president for
thus have contributed to the list of worn accounting speaks up. He says it's great to
out and broken trucks. select the best truck based on total cost,

but after that you'd better just worry about
So the company president has directed you, the the production cost. He wants you to give

chief of purchasing, to buy a new fleet of the contractor a production cost goal a few

trucks with wider bodies and the ability to percent below his bid price and put in some

get in and out of rough construction sites incentives and controls to have him design

with heavy leads. As a smart manager, you're the truck to this goal. He says you can't

trying to buy a fleet of trucks that will do really predict life cycle costs, and with the

the job for the least money, You've already limited budget next year you'd better just
had several meetings with both the fleet make sure you can buy the truck at the bid

manager and the company president,.and you price. Just to make sure, he asked the

have negotiated from them a set of minimum company president to mane ycur Christmas

essential requirements for the new trucks, bonus next year contingent on meeting the

You have found two reputable truck manufac- production cost goal. Now you know you need

turers who have designed new prototype models . some advice. But let's ;et back to real
that look very' deosind n ew prototypesilife. This little story Is analagous to a

tha lok vrypromising. With a few design
changes, either truck model appears to meet situation now being faced in the Air Forceby the Program Director of the AMST SPO
your minimum essential requirements. You're bth a m r o the A mST So

(that's the Advanced Medium STO. (Shortready to solicit bids, select the one which
Take-Off and Landing) Transport System

meets your requirements at the least cost, Program Office) at Wright-Patterson AFB,
and get on with the job. Ohio.

WHAT COSTS? - Are you really ready? What
"costs" should you consider in the selection? THE A4ST PROGRAX
The company's chief of maintenance has'given;
plenty of advice on this question. He says
that maintenance costs are growing by leaps The AMST is a medium size jet transport air-
and bounds. Labor costs, fuel costs, and the craft with a wide body for outsize cargo. It
cost of parts have skyrocketed. He wants you incorporates simple but effective powered
to give strong consideration to the cost of lift technology and heavy duty brakes to
operating and supporting the trucks over their enable it to take-off and land with heavy
expected lifetime. Another meeting with the loads on short runways. It's rugged landing
company president confirms that your selection gear and high flotation tires permit the AMST
should be based on the total cost of buying to operate repeatedly out of short, unim-
the new trucks and the cost of operating and proved dirt strips where the action is. The
supporting them over a 20 year period, high lift technology also helps the pilot to

rapidly climb and descend in tight circles "A
With help from the chief of maintenance and over the airfield to escape anti-aircraft
the two manufacturers (who are suddenly very fire from' mly nearby enemy gunners. The
interested in-operating and support costs) you AMST's wide body is designed to carry all of
begin to get your act together. You find the Army's new outsize firepower equipment and
great quantities of historical data on oper- heavy armor, even the 58 ton Main Battle Tank.
ating and support costs for truck fleets. Another wide body benefit is the ability to
You even iind several groups who are actively qarry both troops and supplies or equipment
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A in the sony, load, with the troops sitting in Logistics Support. The transition phase
C sido-ounted seats alongside the cargo. included the development of management plans

to guide the contractor's development/
AIkLIFT 43JDERNIZATION - The purpose of the production effort, and the contracting
AMST is to modernize the Air Force's current approach to blend these efforts together.
tactical airlift capability, which is rapidly
being depleted and is deficient in a number of The AMST Contractins Approach. The AMST
areas. STOL aircraft such as the C-7 and contracting approach emphasizes life cycle
C-123 are vi-tually gone from the active costs and includes three separate contracts
fltel; the few serviceable combat aircraft aimed toward minimum total cost. The MED
remaaning have been transferred to the Air contract will provide design, development,
National Guard and the Reserve Force. The and testing of the aircraft and related
active force's C-130, a tnctical airlift work- :°liment. The contract requires the use of
horue f.-" over 20 years, is deficient in its existing cv.-.-cially certified engines which
abilit t-. perate afely and routinely from will be leased by the contractor for the
short, att't-- f'ids. It's turbo-prop prototype ttst phase. The crtnract includes
engine IL -i. =icei, but gives it a relatively an award fee to motivate the contr.,tct;or to
sltrg speed. With an inadequate payload and a follow his plans and to minimize downst,'eam

rnarrow boy design, the C-130 cannot carry a costs. The MED contract calls for three

large percrentage of the Army's modern vehi- priced production options for up to 60 air-
cles, not even the 4ICV (Mechanized Infantry craft cat of a planned buy of 277. The

Combat leicic), the primary combat vehicle aircraft contractor will supply the engines
of the Army's Mechanized Infantry Battalion. for the Iiist three production options, after
The Air Force Is also facing a large-scale which the Government will provide the engines
replacement cf the C-130 fleet due to service as GFAE. This portion of the contract
life exhaustion. The AM4ST provides the option includes a large performance fee based
to r-idernize this aging and depleted force primarily on the results of two 30 day Opera-
with a single aircraft which can operate out tional Readiness Evaluations (OREs). During
of ihor-, austere C-7 and C-123 type airfields these evaluations, Air Force crews and
and carry .ver twice the payload of the C-t30. maintenance personnel will accomplish a

predetermined set of operational missions -=
'fliP. AMST PROGRAM, - The A!ST Program is now under simulated operational conditions. The

ready to proceed from a prototype advanced OREs will measure key elements of operating
develop-sent phase into engineering development and support (O&S) costs such as airzraft

L and sub:;equent production. The prototype maintenance manpower, aircraft reliability.
program was fhe result of a formal source material usage, and fuel consumption. The
selection competition open to all U.S. air- first ORE will occur after delivery of the
craft m.nufacturers. From the five companies seventh production aircraft. The second will
who par Icipated, Boeing and McDonnell-Douglas be-accomplished on a complete onerational
were selected to build and flight test two squadron approximately two years after the
prototype aircraft. The Boeing YC-14 and the IOC (Initial Operational Capability) date.
Douglas YC-I5 have each completed successful
prototype flight test programs, and the two A separate spares contract will be negotiated
companies are now cc-peting for the follow-on in parallel with the basic MED/Production

-developent/production program. contract. The terms and conditions cover
pricing procedures for the acquisition of

Transition to Engineering Development. A initial and replenishment spares concurrent
transition phase between prototype and with and at the same cost as the production
engineering development led to several program installs.
refin.-ments. To hold dowr :osts, Army and
Air Force requirements wr - scrubbed down to a An Interim Contractor Support (ICS) contract
list of "minimum erscev:1; requirements" agreed wilI! also be negotiated In parallel with the i_ :
to by tho .litary Airlift Command in their basic contract. The contract will provide up

Required Operational Capability (ROC) to three years of contractor support for

document. Limited development funding called spares and depot level maintenance until the
for a unique approach. The austere "Minimum USAF obtains this organic capability. Special
Engineering Dev.Alopment, (MF.D) Program" will negative pricing Incentives are Included to
include further development/operational flig'ht motivate the contractor to support an early
testing using the- prototype aircraft, modified organic capability.

to the production design, with a limited
veri fiction Lest. on production aircraft. These and other provisions ;- the AMST

:oncll rat~on on 1w production coat, which contracting approach are intended to emphasize

wnu . maor factor In nlrzinp the aircraft, has life cycle cost and result in a weapon system
be.i. expanded t, Inclhide unphnnis on lowes- with the minimum cost over its expected life-
!'at,,l l|=,e cycle CI.=,1. A number of study time. Life cycle cost will he an Important,-'f.,,-tu vnro conducted In !u.c nre a e life consideration in the selection of a winning 1-N

r. .. , drl|gn d,,rlnI ion. and Inteprnted c,,ntrnrctor. Some major trades have already
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occurred based on reduced life cycle cost. FIGURE 1
Others are expected to occur as the design Is

solidified during the MED and Production WHY HAVE PROGRAMS NOT MET "LliIR DTC GOAL?
program.

THE DESIGN TO LIFE CYCLE COST CONCEP'±

Reason PROGIRAM IIROGRAM
:=: . "A a

BACKGROUND - A Department of Defense Dirrctive
(DODD 5000.28) requires chat major defense Goals Unreasonably Iow X X
systems acquisition programs apply a "Design
to Cost" concept using the Joint Design to Requirements Changes X X
Co;;t-Guide (AFLCP/AFSCP 800-19). The intent
of this-direction is clearly focused on life I.CC Trades X X
cycle cost. The directives specify that life

cycle cost goals be established "to which the Schedule Changes X X
system will be designed and its cost
controlled," and that "practical tradeoffs Unforeseen Problem3 X
between system capability, cost, and schedules
must be continually examined to insure that Lack of Contractual Incentives X

the system developed will have the lowest life

cycle cost consistent with schedule and
: . performance requ%-ements."pfm ee en.Source: Interviews with Program Office

The application of this concept begins to personnel.
digress from its stated purpose. While recog-
nizing the need to control total life cycle -
cost, the directives specify that the initial The DTLCC concept includes the following

"difficult but achievable" Design to Cost ubobjectives:

goal "shall be established in the form of
Average Unit Flyaway cost." The stated 1. Life cycle cost shall be considered equal

reason- for limiting the goal to Production to performance/technical requirements and

$ cost is "because of the ability to more schedule throughout the design, development,

accurately estimate production costs and the and production of the A.ST.

-1 supportive production cost data base avail-
able." Changes to a Design to Cost goal must 2. Development and production costs bhall be

be approved by the Secretary of Defense and balanced against the costs of deploying,

are generally approved "only for major changes supporting and operating the system. Where~significant outyear savings are possible.
S....where a significant demonstrable reduc- ss

tion in life cycle costs can be achieved, or additional investment costs will be pursued.

¥ ,for program changes beyond the control of the
program manager." In practice, DOD has set 3. System performance requiremcnts, deslgn/ -

- very difficult goals, usually below tha production requirements. and concep-r for
-official program estimate, and changes to - operation, employment and raintenance will be

these goals have been hard to come by, even continually reviewed and updated to insure

for the good reasons stated above. For these that the minimum I;fe cycle cost design is

4 and other reasons, almost every major aircraft achieved for th.,
. 
projected airlift need.

acquisition program has failed to meet its
Design to Cost goal, as illustrated in Figure 4. Contractual provisions shall be provided
I for two of-the major Design to Cost to task and motivate the contractor to impie-
programs. .ent a meaningful DTLCC program within the
, contractor's organization. -

DESIGN TO LIFE CYCLE COST OBJECTIVES - The
ANST program manager proposes to use a "Sesign 5. DTLCC awareness by both Government and

to Life Cycle Cost (DTLCC)" concept in his contractor personnel shall be achieved by
management of theAST Program. This concept continual management emphasis at the corpor--a designed t teb The full intent of DODD ate level, exchange of ideas on current

----. 8 desgnd to emrace te ptfllsinte of DOD problems, designer visits to depot and

otOO.28 and to avoid the pitfalls of the
current application of "D.sign to Cost." The operational units, etc.
objective of DTLCC is '-o minimize the total Gp
cost to the Governmert of development, produc- in effect A c he ln teAre: ~~In effect, a contract beteen the Air rree"
tion, support, and operation of the ANSI aesd the Department of Defense to develop Lhe

$" ; system within defined constraints of budget, ar a t o single; to fe l e: .-'performance and schedule." ANST aircraft to a single; total life cycle)
escost goal. This gcal Is expressed as the sum

of the following four cost elements normalized
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to an individual aircraft and expressed in The DTLCC program not only provides visibility
cotant Fiscal Year 1977 dollars: Minimum .and control of tutal life cycle cosL, but the

!.ngineering Development Cost, Weapon System single DTI.CC goal is intended to prvide the
Cost, Other Support Costs, and Operating & program manager with the nece.ssary flexibility

upto ,to achieve this goal. The plan provides a set
of conditions and proceduret to adjust the MEL)

The DTLCC plan defines each of the four cost and Weapon System Cost elements in exchange
elements to include both contract and in-house for significant life cycle cost savings. Tin:
Government costs. "' .t. for. eprogram manager will have the authority to

trade costs among the four elements withinI. ' defined as all program costs funded by the established budget constraints and funding

3600 appropriation, excluding sunk costs prior limitations. Potential cost trades which
to Fiscal Year (FY) 77. The plan further -exceed the budget flexibility of the program

det'ines thme in ,ded and excluded effort in manager will be brought to the attention of

the MED progrz.' and the baseline aircraft the Air Staff and DOD for resolution. Adjust-
configuration and performance. Annexes to the ment of the life cycle cost goal will normally
plan beak down each cost element into be requested for changes in program direction
detailed subelements; and provide a complete such as funding profiles, buy quantitles,

list of the definitions, assumptions, ground schedules, design requirements, and other

rules, and me,.hads of calculating and estima- factors which are beyond the program manager's

ting the cost of each subelement. The means control.
of trar'ing and reporting the currer.c stetus
vs th. ttTI.CC goal and the cost elements is
included, of course. A synopsis of the

cost e..ements is shown in Figure 2.

FIGURE 2

AMST LIFE CYCLE COST GOAL AND SUBELEMENTS

MED COST WEAPON SYSTEM COST (WSC)

MED Contract Aircraft (Total Buy)

ECO Allowance Support Equipment (Pecull~r)

Other Government Costs Training Equipment

Data

GFE & Other Government Costs

OTHEn SUPPORT COSTS (OSC) O&S COST (20 YEARS)

Initial Spares Fuel

Spare Engines Base Maintenance

, 5J , l'nterim Contractor Suppo.t Depot Maintenance

4t .-1 Facilities Modlification Personnel & Training

-Type I Training Replenishment Spares

Initial Common-Support Equipment Class IV Modifications

LCC GOL =MED + WSr + OSC + O&S
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APPLICATION OF DTLCC IN THR AMST CONTRACT the detailed life cycle cost status, lie is

also required to document., track, and report
all design changes made to reduce life cycle

The AMST program manager will exorcise costs. Development and production costs must
aggressive cost, schedule and technical be reconciled with the contractor's validated

control of the AMST Program through five accounting system (Cost/Schedule Control

management centers, each headed by a project System). Government teams periodically visit

manager. The management centers are: the contractor to review and validate his
Structures Systems, Flight Systems, rower entire DTLCC management system. The contrac-
Systems, Mission Systems, and Flight Test. tor provides special reviews to support Air

The project managers will receive subgoals Force program validation milestones with the
from each of the four DTLCC cost elements. Department of Defense.
The program manager will control the integra-
tion of commnr. cost elements across the INTEGRATION - Design to Life Cycle Cost
management centers, Integration of life cycle consciousness has been woven into almost
cost consciousness at all levels of Air Force every aspect of the program. The contrac-
and contractor management is a primary program tor's internal management structure, along
consideration. Contract requirements include with the Air Force program office, is
the following provisions for DTLCC: specifically geared to provide appropriate

information and incentives for each organiza-
INTERNAL CONTROL - The total contract DTLCC tional level to consider cost on an equal

goal and its four cost elements will be estab- basis with technical requirements and
lished by the Government based on costs schedule. The program office has developed
proposed by the contractor during competition. a computerized model to estimate production
The contract DTLCC goals do not include the costs, In minutes it can provide a detailed

Air Force program managers' in-house program cost estimate of proposed changes to the
costs nor his management reserve for potential aircraft or the program schedule, An
contract changes. The contractor is required essential asset to DTLCC is an O&S cost model '

to suballocate the four cost goals throughout which was developed by the program office
the contract Work Breakdown Structure (WBS) to with the assistance of the using and
subsystem/component levels at which the impact supporting commands.
of discrete design changes on the four cost
goals may be identified, Controls-and incen-
tives in the contractors' management structure OPERATING AND SUPPORT COST FORECASTING
are provided to require designers ani
managers at each level to consider life cycle
costs in key managemint decisions, in all The ability to accurately forecast Operating

Engineering Change Proposals (ECPs), and in and Support (O&S) costs is the key feature
all design trade studies. which permits the evolution from "Design to

Cost" to "Design to Life Cycle Cost."
LIFE CYCLE COST TRADE STUDIES - The contractor Previous attempts at O&S cost forecasting
is required to continually review the program have used parametric modeis which %ere insen-
for "cost drivers," Candidates for cost sitive to design changes. Other models, such
reduction are subjected to a continuous trade as the Logistics Support Cost (LSC) model,
study effort to minimize total life cycle use statistical techniques to forecast
costs through such actions as design simplifi- support costs for individual aircraft
cations, producibility changes, and components. The LSC model has proven quite
reliability/maintainability improvements. The useful in identifying component support

contractor's project management structure pro- costs, but fails to account for interactions
vides teams of specialists from each functional as the components are integrated into a
discipline who systematically review each complete aircraft system.

trade study candidate for significant life
cycle cost reductions, The reviews also point Air Force regulations (AFR 173-10) specify
out Government requirements and policies which use of the Cost Analysis Cost Estimating
contribute to higher costs, The contractor (CACE) model for analysis of O&S costs. The
implements those design changes which are CACE model is basically an accounting struc-
within his budget flexibility. Changes to ture which combines a multitude of system
cost goals which are "out of scope" are level maintenance inputs, rates, and average
submitted-to the Air Force program manager for costs to sum up the annual operating and
a decision. support cost for a squadron of aircraft. The

regulation contains input values which are
STATUS ASSESSMENT AND REPORTING - The contract regularly updated for inventory aircraft
specifies the methodology and models to set based on historical, budgeted costs. For _
cost goals and to track the life cycle cost acquisition aircraft, most program offices
status of the four cost elements and each contractually apply the LSC model and, using
suballocation. The contractor is required to its component level costs, attempt to trans-
continuously track and to periodically report late this data to the bystem level inputs of'
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the CACE model. As actual costs become avail- pe;r aircraft are stated in the MAC ROC and

able, significant differences are often found approved by USAF Headquarters. To digress

for which correlation is difficult or for a moment, the Air Forc calculates O&S

impossible. cost based on peacetime operations. Elements
such as maintenance manning and spares stock-

THE AMST O&S COST METHODOLOGY - The AMST piles, however, are based on planning factors

prograv, office has developed a unique approach for wartime operations. For example, the
t O&S costing. This approach adapts the A14ST CACS model output is based on a standard

basic accounting structure of the CACE model Air Force equation which uses such inputs as

and uses a variety of means to calculate the maintenance manhours per flying hour, wartime
input valu-s. The AMST CACE model inputs are utilization rates, and wartime efficiency
categorlz.ed into three areas: Air Force fa'ct6rs to compute maintenance manpower and

Standard '..puts, Program Standard Inputs, and its associated costs.

Design Fensitive Inputs. A summary of the
inputF md a sample output run are shown in Dehign Sensi.ve ]puts. The heart of the

and 2 respectively. AMST CACE model is the manner in which it
computes the denign sensitive inputs. Such

Air Force Standaro Inputs. Input values such values as depot maintenance cost, replenish-

as pay rates, fuel cost per gallon, and ment spares, and maintenance manhour3 per

training costs are taken directly from AFR fl~ing hour are computed from a "bottoms-uip"

173-10. These values are based on Air Force engineering analysis. A detailed work unit

wide statistical averages and are updated code -listing breaks these items and tasks

regularly. doi~n to a level where the work can be scoped

TABLE I

AMST CACE MODEL INPUTS

Air Force Standard Inputs Unit of Measurement Source

Pay & Allowance Coat $/Manyear AFR 173-10 4
PCS Cost $/Manyear
Medical Support Cost $/Manyear

Training Cost S/Graduate "

Personnel Acquisition Cost $/Man
Personnel Turnbver Rates Percent Per Year
Vehicular Equipment Cost $/Minyear

Fuel Coat S/Gallon

Class IV Aircraft Modification Cost S/Unit Flyaway Cost

Program Standard Inputs

Assigned Aircraft Aircraft/Squadron MAC ROC

Peacetime Aircraft Utilization Rate Flying Hours/Year/Aircraft
Wartirme Aircraft Utilization-Rate Flying Hours/Year/Aircraft

Crew Ratio Crews/Aircraft

BOS/RP4 (MAC) $/Manyear AFR 173-10

Design Sensitive Inputs

Unit Flyaway Cost $/Aircrafl Production Cost

Aviation Fuel Consumption Rate Gallons/Flight Hour Model
Maintenance Manhours Far Flying Hour MMil/Flight Hour Model
Base Material (Variable Cost) S/Flight Hour AFR 173-10

Base Material (Fixed Cost) S/Aircraft/Year AFR 173-10

Depot Maintenance (Variable Cost) S/Flight Hour Model

Depot Maintenance (Fixed Cost) S/Aircraft/Year Model

Replacement Support Equipment S/Aircraft/Year AFR 173-10

Crew Composition N, Typ2 Aircraft Specification

Source: AMST O&S Cost -stimating Handbook, 15 September 1977. -A

Pl,,rm .ulaidl.. , input. vahus stuch as or compared to historical data. As actual

proga lnimd flyhng hours arid ti'ewit unalgied ilni a bepcomes aval lable, It is accumulated and
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TABIS

AMST CACE MODEL. OUTPUT
(SAMPI.E I LLUSTRATION)

ANNUAL SQUADRON OPERATIONS & SUPPORT COSa,

Recurring Investment & Miscellaneous Logistics
Common AGE (In'luding Spares) $ XXX XXX XX

Aviation Fuel X XXX XXX XX
Aircraft Maintenon6e, Base Level (Material Only) X XXX XXX XX
Aircraft Maintenance, Depot Level X XXX XXX XX
Modification, Class IV (Including Initial Spares) XXX XXX XX
Munitions, Training 0

'Replenishment Spares XXX XXX XX
Vehicular Equipment XX XXX XX

Subtotal X XXX XXX XX -I
Pay & Al!owances

Military Pay and Allowances X XXX XXX XX
Civilian Pay and Allowances XXX XXX XX

Subtotal X XXX XXX XX

MFP - BOS/RPM Support Of
PPS Manpower XXX XXX XX
BOS/RPM Manpower XX XXX XX

Subtotal XXX XXX XX

Medical (MFP VIII) Support Of
Medical Officers XX XXX XX
Medical Airmen XXX XXX XX

Subtotal XXX XXX XX

?ersonnel Support
Permanent Change of Station - Officers XXX XXX XX
Permanent Change of Station - Airmen XXX XXX XX

Subtotal XXX XXX XX

Pipeline Costs

Officer Acquisition - Pilots XXX XXX XX
Officer Acquisition - Nonpilot Aircrew XX XXX XX
Officer Acquisition - Nonaircrew XX XXX XX
Airmen Acquisition XXX XXX XX

OfcrTraining - Pillots XXXXX
Officer Training - Other Aircrew XX XXX XX
Officer Training - Nonaircrew X XXX XX
Airmen Training - Base Level Aircraft Maintenance XXX XXX XX
Airmen Training - Other XXXXX XX

Subtotal X XXX XXX XX

TOTAL ANNUAL-COST ESTIMATE $XX XXX XX XX

summed through this same structure, making capability to point out the sensitivity of
comparisons simple. fuel costs to planned operational and train-

ing concepts.
Aviation fuel gets special attention. A de- n
tailed set of mission profiles were developed Other inputs such as base material and
in cooperation with the Military Airlift replacement support equipment costs are
Command. The aircraft is analytically "flown,, presently scaled to similar aircraft oper-

- -through these profiles to determine statis- ating in a comparable environment. Continued
tical composite fdel consumption rate. The effort is planned to develop design sensitive
model shows excellent correlation to data on methodologies for these values.
existing aircraft. An added benefit is the
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CONTRACTUAL APPI.!CATION OF THE CACE MODEL -L] The AMST' contract requires application of both
the basic CACE model and a fleet CACE model to

compute O&S costs. The fleet model is an

extensiun of" the ba'ic model which considers

such faftors as force buildup and phaseout,
isquadron location, and spares provisioning

schedules to compute 20 year O&S cost for the
t-otal AW'T fleet. Both models are controlled

by the program office. Adjustments to the
basel ine ,timate are based or, contractor

design changes which do not affect the basic
tA ssumptl.no and gtoundrules in the model.

The coat 'setor is also required to use the
13C riodel ' - Ps.s logistics suppo t cost in

trade rsttudie at the compunent level.

CONCLUSION

the AMST Desiprn to Life Cycle Cost concept
-should help to alleviate the "eleventh hour"

surge f introducing logistics considersions
late in the progr,'u. It is basically a sound
economic concept in that It attempts to focus
design decisions on the difference in total
'ost a( he alternatives.

The AMSI Design to Life Cycle Cost progrm has
been endorsed by both Air Force Systems

Command and Al r Force Logistics Command as a
"aignifiWcan stop forward in imp] ementing the
Gnneo's of DOD Directive 5000.28." Certain-
ly, Lt achieves a focus on life cycle costs
unattarinable wIth previous techniques.

i 
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""W" R 0-177:

(MuPPET) FOR ASSESSMNT OF ADVANCED SYSTEMS

Frederick H. Gralow, Boeing Aerospace Company
D. Kent Hindes, Boeing Aerospace Company

INTRODUCTION analysis and evaluation of all feasible alter-
A; native systems during the following system

concept phase. These directives set a critical
This paper describes a new method for assessing requirement for the development of viable tools
the potential effectiveness and cost of advanced to accomplish the necessary analyses and eval-
concepts. The methodology is intended for very uations.
early pre-program or program application when
conventional data is scarce or lacking. Missions which can be accomplished by evolu-

tionary outgrowths of existing technology can
During-the mission need analysis and concept usually be assessed by conventional parametric
formulation phases of new programs, typical estimating techniques which extrapolate from
available data and information are vague, an existing historical data base. When new
incomplete, and largely qualitative. This is revolutionary technology is involved, however,
especially true if advanced technology options an unconventional estimating technique must be
are viable candidates to meet mission needs. developed which can accept preliminary, incom-
This type and quality of data defies inclusion plete data; normalize them to a common basis
in "traditional" determinant, statistical, and/ and credibly predict expected costs and effect-
or stochastic models. In spite of this dilemma, iveness. Boeing has developed such a methodol-
system evaluators must make decisions about ogy in the Multi-Purpose Predictive Estimating
technological and cost constraints, and rank Technique (MuPPET).n-i- the comparative worth of comctng options.

This problem has been recognized for some time. HuiPET MODEL DEVELOPMENT
In 1973, Boeing implemented a search for exist-[I ing analytical tools appropriate for very early
evaluation of the cost/effectiveness of compet- The model was developed in its initial manual
ing system optiuns. One hundred sixty documents form in late 1973, and was used to assess the
and fourteen computer programs pertaining to expected impact of revolutionary technology on
life cycle cost and system effectiveness were the operational availability of avionics in the
reviewed. Results of this study indicated that 1980-2000 time frame. Results from this initial
as of the end of 1973, a practical method of application were encouraging and the model was
determining life cycle cost early in a program's refined and computerized in 1975. It was next
life cycle did not exist. Information pertain- used to assess the life cycle cost implications
ing to system worth was almost non-existent, of a fiber optic avionic data transfer system.

Since that time much work has been done in the Exhibit 1 traces this development process.
cost/effectiveness area, but as yet, a standard
technique for determining system worth during

the early stages of a program has not been
commonly accepted and used..... .w

JA~.I AAF. F?ftO 1 61,, S
High level policy directives to develop early AVM.,.Oo*

analyses have not been lacking. In February
1976, William P. Clements, Jr., then Deputy
Secretary of Defense, issued a memo to the 0, IV 4-1
Secretaries of the military department (1) which 1#.kU?*tS .,YMUS
directed the departments to focus now on reduc- A.,,I A*.C,,?.w, IFP

Ing the outyear operations and support costs of (,+"n)
new systems under development. In April 1976,
the Office of Management and Budget issued
Circular No. A-109 (2) which gave all government ..,WA,* f

agencies policy direction on the acquisition of A'*'e
major systems. This Circular called for a pre-
program phase during which a specific mission F

gym,-need would be established and defined prior to

commitment to a specific system concept to ful- LlA'MlCllT
fill the mission. This phase would be followed
by a major decision point at which tim enough -.*tm_ _ .

analysis must be done to establish technological NISI O XVa0W N9 8RINEAL? NtICAI 0 WWC
and life cycle cost constraints on mission
accouplishment. Also, A-109 requires a thorough Fxbibit 1
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The results obtained from these two experimental processes within the model norMalize and aggre-
applications have led to the conclusion that gate the incremental input estimates into an
the model is a useful, credible, and compara- overall assessment of the impact of the pro-
tively low-cost tool for assessing and relating posed system option on the decision variable of
the various cost and effectiveness parameters interest, e.g., life cycle cost, as compared to
associated with the Introduction of new tech- the known baseline. The elemental input esti-
nology. mates and subsequent transforms leading to this

output assessment are traceable and defendable
back through the model.

MODEL KETHODOLOGY

MuPPET is a tool for predicting and comparing . Z am i 
the cost and effectiveness of alternate solu- Rs W-.m
tions for acquiring a required mission capabil- At
ity. The tool was developed specifically for " 7 /I
use very eacly in a program's life cycle when .R * ,

very lteis Ilistorically known about the- * *

hardware system that will result.

The process focuses on one major cost/effective- * ,.
nes decision variable at a time (such as life -- I ._..

cycle cost or system performance) and predicts " Z'*
the impact of the new required capability on ... ..!-- ~ ~this variable. The process is Implemented by !

" 
' "

first identifying the elements of the required afmission and the relevant functional issues of (,E. C ,s ,(the decision variable of interest (for example, ,(..tc (,,€,,.
! ! life cycle cost). Then the impact of proposed}

mission soluton(s) on the decision variable is a AOtnAttowI.omnenvA$Tw

estimated within the context of each of these Exhibit 2L,_ relevant decision Issues. The impact estimate

for each proposed solution is quantified as an
J expected departure from the value of the To visualize this estimating process, refer to

decision variable which results from a "baseline" Exhibits 3 and 4. Exhibit 3 portrays the .odel
solution. The baseline must contain sufficient matrix sliced along the criteria set axis.
historical data to determine the corresponding Each plane thus formed represents the baseline
value of the decision variable, and may be any value of each constituent variable (criterion)
known system which performs a somewhat similar of the decision variable objective function.
mission to the new required mission. The total baseline value of each criterion is

composed of .incremental values proportionately
The process utilizes highly structured and dis- allocated to each mission-solution element/
ciplined mission solution/decision issue/ decision issue combination. These are repre-
decision-variable definitions and mathematical sented in the exhibit by the intersections on
transforms to normalize and correlate uncertain, the plane. The positive and negative vectors
disjoint, and scarce input information. The leading from these intersections represent the
resultant computer-aided model may be character- estimated impacts on the incremental. baseline

ized as a three-dmensional estimating matrix values resulting from the various mission-
cas shown in Exhibit 2 where the three mutually aolution element/decision issue corbinations.

perpendicular axes are:

(1) The functional act Lties or issues rele ,* . - £ |
v wnt to the decision variable required to ,
implement the mission (the relevance tree). " I "" '

by The fet ions of the syem solution beng ' '"

considered (the solution definition tree) -. ."..

(3) The constituent variables of an objective ",,,.I I.,.":'- : ., .
function of interest such as life cycle -1 J2
cos8t (the criteria set). IJJ' "A MT

--i ~ ~ ~ ~UIizinp whatever input information is available, ; " , : '" ..

incremental comparative Impact estimates are W4 ,.! :r . .~
: 

t:.r, .. ,

- ., ~ ,* - .. .C-~

= ~~~modu for each deetnion cell of the matrix formed - ., -',.,, .,
by the intersections of the elements on the thr ei * € ,/ ,, " ,- , , ,.

IS oxen. Internal wegtnend data transform hit3
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SA ring around an intersection represents a be used throughout both phases. This is
kno-impact" estimate for that combination (note possible because the technique develops problem
that the impacts portrayed in Exhibit 3 are and solution definitions through a top-down,
examples only and have no relationship to a successive decomposition Approach as a program
real problem). progresses from preliminary top level decision

requirements to lower level system design
Exhibit 4 portrays the manner in which these decision requireneits. The l ifs cycle cost
elemental impact vectors are summed to an (LCC) assessment process for our mission
aggregate impact on each bAseline criterion requirement example would proceed as follows:
value. The last step of this estimation pro-
cess is to compute the predicted value of the (I) Define the mission, "Neutralization of
decision variable for the particular system Hostile Action in thc Near Space Environ-
solution under investigation. This is done by ment", in terms of its functional capa-
evaluating the decision variable's objective bility elements. These are the "Mission
function using the impacted values of the Element Needs" of the Mission Element
constituent variables (criteria) computed above. Need Statement (HENS) and when related
This objective function may be any mathematical in a categorial structure form becomes
construct which appropriately defines the deci- the "Solution Definition Tree" of the
sion variable in terms of the constituent MuPPET LCC model. Exhibit 5 illustrates
variables used as estimating criteria within this mission element structure. The third
the model. level elements on the tree form the solu-

tion element axis of the three-dimensional
estimating matrix discussed in the previous
section. Note that these mission solution

__ sss.~ .j)...elements formulated during phase zero are
. .., the take-off points for formulating de-

m I tailed system concept solution alterna-

T. .,7i L itE FUXCTIOR tives during the system concept phase.

. . . .. .. ........ .' I " U

uu5 ~u DE. CAPA LT

11PICTI'O VALUEo L | UatIZ I OSTILE ACTIM {

.. ~, t:z ........ SITER1 lPARAP9114i THE ,N, SPACE ENVIRONMENT

' * .: '€,- ,u; . ' .. * . .... *.Y.,.A SPC

t~~~~~"1AP21 TV SELACECPSLS

IS.-POVIDE NEAR SPAC

• g~~mmu ._J ., 'f O S'l li1tE Il~ISREILCEAPABITYJ

If -J..2 PROVIDE HOILES

Exthibit 4 __ ,3-1ovIDE DETCIt.

EXAMPLE APPLICATION - . DiTY
.OVLbCl 1D ATTAC%

. ! A IA', A AI llY

To illustrate the applicability of the MuPPET .l.PPovis SATELLITE
process, a suggested phase zero life cycle cost AND 1i IC(I., MANWSs

scping process for a possible future mission . PovID Less

is presented. The example mission chosen for RECOVERY CAPASII!Y

this paper is the "Neutralization of Hostile s2.1 PROVIC rioSAL I

Action in the Near Space Environment". This _
mission requirement is an ezimple only and is LJ2;2 Pv,0l,0-,IALc c ],O
not intended to reflect an actual DoD mission. L MtACElO j fl. J
It was chosen to illustrate a typical advanced _ OM o ENS iTV-

technology mission. The analysis procedure K .I,&StABff'ILITY

presented is based on a mission solution defini- .-.JrovI TIA2',I AS'b5ISIT
tion in terms of its functional elements and is J1- S

-
A

-  
A 

'

applicable to phase zero activity leading to noviD TARGET DETE21TIO-

the "Milestone 0" decision as required by OMB N 0 I. A'S ...LI.!.
Circular A-109 (2). Note that one of the meat -_.vPoVIDEsO I1'
powerful features of the MuPPET process is its
usefulness as an eaiating tool for the highly _'.4 PRo-DE TA E

aggregated problem structures encountered in MINT C'A , Iy
the "executive decision environment" of phase
zero as well as for highly decomposed, detailed Solution Definition Tree
problems and solutions -in the- "enginering Exhibit 5
decision enyironment" of the system concept
phase. The same basic model of the problem can
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S(2) Identify the relevant life cycle cost elements on the LCC issues are estimated

issues pertaining to the general mission in terms-of these constituent variables.
requirement. Order these issues in a Total life cycle cost for acquiring and
categorial structure to form the "LCC maintaining the required mission capability
Relevance Tree" of the MuPPET model. is then predicted by evaluating the LCC
Exhibit 6 illustrates this tree decomposed objective function using the aggregated
to cthe third relevance level. These LCC Impacted values of these constituent eari-
issues can be further decomposed through ables. As with solution definition and
suiccessively deeper relevance levels, and relevant issue identification, the basic
wbuld be for a detailed analysis of a can- objective function variable set can be
didate system design. ?or preliminary decomposed to lower levels of sub-variables
high level decisions such as "Milestone 0", as the need arises for more finely detailed TI

however, two or three levels of decomposi- evaluations of candidate system designs J
tion will usually suffice. For our during later program phases.

t example, the third level issues shown in
x hlhft- A form the relevant Issue axis of LIF YLE[ MT 0JET ¢IVE rLWC'I0N DVV.MK FP
th~e mcde 's three-dimensional estimating NEtAIATIW. OF HOTILE ACTION IN [FE NEWX SP~t EKIMmatrix. LCC - ACQUISITION P ICt - OWNERSHIP Colt

AP -J (so-aulI NS I ACQUISIION PICE) +.,..-
! + {TO@(10 LEVEL DECISION SSUC) .... ($.S~ TIO O'dtA KSSl& LIFETIME OF l il~ /IC AN lS VSi6 PICE~)

IS- C I;S S tC) IO AEA SPACC HOSTILE '-KP* *a, .' .. [[CC[?~S
l --- CTION U UIRA-LIZ-AT10' CAPAIIILITY An:I CC - (*OM-*ICUtkIN4 OKI~tLAION$ COST) #' (SttMATl~t OVIt MISSION LIFETIME -

{lt¢ D L[lL CST ISUI[) • tCf-IUII|ING OPERATIONIS COST) * (O" RIKt*l ill $VIPMOT COST) 4...
. - *l(SEOD 1.11.CSTl* ISSUES (StWM. 10|4x Ovt/I ISSION LIFC1IM€ Of /iCCUM6/4 SUPPORT COST)

( H~IRD L EVEL COST-ISSUCS) 0 I0€ * O
t  

1 5 . $C •|,* . I tC C e iUS

_ ~ ~~~~~~~~~LI-I.2 comlxc,, coxctPT wALIDAt|10 COsT$ l0 c • s ( ,c**os ...,tT . u

tRRFO~ ac pRe-mc (p+Re&cjt-I.-Lf YL ER

_ L~~~~.:-2.1 €CONIROL SYS TEM X DESI COSTS c 
°

2
=
(1. .2€ c " LLM A SYTM*mCTINCS C2L P2 .co(2df h relvats l I eCOST o t L i

caeooL trPt ur fo rm Lah i re i

1:3 .1h C€4I:o PROUT IN RSOURC |CATIe+ N COSTS Rc-6 C

__ - L-1"-.2 CONTROL. SYSTEM OI[LIVERIY COSTS +

elevaneT of the uPTm(4) Code the 3-dimensional estimating matrix
h -. I-bt OiTROL IREaCT hIATIr COSTS representing the elements o the required

to mission (from l), the relevant LCC issues
ssuescnb fur.the decompoe(from 2) and the LCC evaluation criteriasKs i-6 1 CdeR reCeT SuPnO vss (ro 3) into the existing computerized

high .le v decisions uch as"ilestnmatrix structure of the general duPPETa

_ffl*__E__ I PA,1

.iM, I, .oJ model. This matrix, along with the pre- :1UTGl-,. ¢+M,t U.oATE € T.MTIO COSTS programmed data processing packaes of theei sh n

1-. ors'the rUPDAnT issu-A e CWAxisN OfSTSttiC~ a~ttruCis

tf h-7.3 cccde r dIm MAnsioaE stsatin ST model, conestitute the basic computerized

113 _. 111=v 11AIc. MuPPET-model to be used to evaluate life
I 'ME c. C, "EENOT cycle cost of the example mission caps-maT . mTIaISItr ix.SIEI O

I A-hi 6 l P *

....(g.. ,ot....ISCO tIIt PRst (IAia cy.. cosC JISIT

i(3C) eop an CATSC objectiLC fucinpran

+ _ This Objective function defines the deci- 0 .

(_U1 Oit terms or a act or constituent v0rlablas Mu S S
a -d hir mathematical relationships. 2 C 

.Exhibit 7 Illustrator, the development of z,.Z-+the LCobjective function for our ex i~ple,Lh onstituent variables of this equation So,'-

3-1~~~C ISSIUESCCTOL.

S r le c n r l c i eria Cof The SuPPS SC - '.: ........... . 0..... 0, --0_5

the three-dimensional estimating m rix. EXAMPLE MODEL MATRIX

E An portrayed In Exhibit 3 of the previous i1-.-CA ectIon, the impCcts of the solutionPET 8 . C.i-T0

vzl I-. OIPLSOO (50CSSI -A OTEISTMCILINI*C



Note that as the program progresses into SUIARY AND RECOMENDATIONS
the system concept phase and alternate
mission system candidates are defined and
evaluated in the model, only the solution The foregoing discussion of the development
definition axis of the basic estimating and suggested application of the MuPPET process
matrix changos from concept to concept. is intended to give, the reader a preliminary
The relevant LCC issues An.1 objoctwvv tuno.. tnt lodto ton tt, tho Ptelkt4Af 4nd Afpr A

tion variables are generic in nature and structure of the methodology. At% lit-dupti
are independent of the alternate systems' treatment of the heuristic, mathematical and
characteristics. The LCC issues and objec- computer processes involved is not within the
tive function variables may, however, be scope of this paper and has been avoided.
decomposed to lower levels of detail as Interested readers who would like to investi-
the need for more accurate estimates arises, gate our technique in greater depth are encour-

This increasing accuracy is achieved by aged to obtain the documents listed in refer-

decomposing the required higher level ences 3 through 6 or contact the authors.

impact decisions into many small lower
level decisions so that the focus of each We believe that the tool can be a uneful aid
individual decision is narrowed relative in establishing the likely magnitudes of

to the decision data base available. Also, various decision variables and in performing
a decision error at a low elemental level trade-ofis during phase zero activity. How-
will inject less error into the overall ever, to establish the usefulness and accuracy

estimate than an error at a more highly of the tool in a non-experimental situation,
aggregated decision level, it is recommended that the model be tested and

validated by application to some existing
(5) Develop baseline LCC values for each cell "evolutionary" procurement where its results

of the matrix and load into the model. may be compared to conventional cost/effect-
The baseline values for our example would iveness tracking tools already in use.
be derived from known dataon existing
mission capability elements which are
similar to or can be correlated with the REFERENCES
required mission capabilities.

(6) Develop appropriate relative weightings for (.1) Clements, William J., Jr., Deputy
each criterion/issue combination and load Secretary of Defense, "Reduction of
into the model. These weight values are Outyear Operating and Support (O&S) Costs",
derived through a highly structured process Memorandum for the Secretaries of the
within the MuPPET methodology and portray Military Departments, February 28, 1976
the strength of the relationships between

individual iCC criterion and decision issues. (2) Office of Management & Budget, Executive
Office of the Presiaent, '"ajor System

(7) Estimate the incremental LCC Impact of each Acquisition", Circular No. A-109, April
matrix cell by estimating the departure 5, 1976
from its baseline value caused by the likely
characteristics of the solution element (3) Hindes, D.K., "Maintenance and Packaging
under consideration. These incremental Concepts Developcent for Long Range Land
impacts are quantified and loaded into the Based Maritime Patrol Aircraft Systems",

model through a formal estimating and Boeing Document D189-90017, 1973
normalizing process within the MuPPET

- methodology to assure consistency and (4) Hindes, D.K., "Ground Maintenance Concept

traceability of inputs. Evaluation for Long Range Land Based Mari-
time Patrol Aircraft Systems", Boeing

(8) Exercise the model to obtain an aggregate Document D189-90041-1, 1974

output estimate of the likely life cycle
cost consequences of acquiring and maintain- (5) Hindes, D.K., "Packaging and Installation

ing the capability to "Neutralize Hostile Concept Evaluation for Long Range Land Based
Action in the Near Space Environment". Maritime Patrol Aircraft Systems", Boeing

Document D189-90041-2, 1974

The foregoing eight-step procedure illustrates
the end-to-end process that would be required (6) Hindes, D.K., "Life Cycle Cost Assessment

to apply the MuPPET methodology for life cycle of Advanced Avionics Systems Using Rele-
cost assessment of our example mission need in vance Tree Factors Analysis", Boeing

preparation for a '"ilestone 0" decision. The Document D180-19232-1, 1975
saw basic process could be utilized to provide
estimates for other decision variables required
by this milestone.
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A MULTI-STAGE ANALYSIS OF DESIGN-TO-COST

Paul R. Kleindorfer
University of Pennsylvania

ABSTRACT stage. Under simplifying assumptions on the
nature of the random elements and'the structure
of follow-won rewards, the Nash point to this

An important motivation for implementing finan- ganfe can be determined and questions of the
cial incentives in systems acquisition is-the type raised above can be examined. Some
growing cost of major systems and the ongoing Illustrative numerical results are given and
and anticipated decline of real dollars avail- a d1ccussion of empirical d&ta further clarifies
able for design, development, and-production of the possibilities of the framework presented.
-these cystems. The purpose of this research is
to examine the optimal structuring of internal
financial incenti.s, such is Design-to-Cost,
as a vehicle for cost control. A review of the
theoretical literature on incentives and deci-
sion processes underlying this issue reveals~the somewhat surprising result that only very

~simple two-level, static analyses of contractual

Sand internal incentives have been undertaken to
date. This paper generalizes previous research
and develops a theoretical framework for provid-
ing insights into the following (as yet rather
incompletely addressed) issues:

a. How long should competitive parallel
development (if it is used at all) proceed
before awarding a single-source contract for
further development and production?

b. What are the effects of perceived multi-
stage rewards (e.g., follow-on contracts) on
contractor behavior, on DOD and responsible
Service behavior?

c. What: are the effects of a multi-level
determination of contract parameters? (For
example, in Design-to-Cost, the overall project
budget is negotiated with Congress, performance

levels are set by DOD-Service, and cost alloca-
tion and contract coordination is the responsibil-
ityof a Project Management Staff).

d. How do risk and contingent contract re- -
negotiation enter in an optimal contract design?

Basically, the framework dev-loped envisages
development and a producti stage to the system
life cycle, where it is A-.-ed that development
contracts are cost-plus and production contracts
are (negotiated) general incentive conlracts. A
number, say 'n," of contractors is assumed to
take part in parallel development activities,
the outcome of which is a protokype system having
certain performance characteristics which depend
(stochastically) on the effort expended by con-
tractors during the development stage. The firm
with the best design is then allowed to bid on a
production contract, which is assumed negotiated
(as a Pareto point depending on relative govern- -
ment/contractor bargaining power) as a general
incentives contract. The "n" preselected firms
are assured to play a multi-stage game in deter-mining their level of effirt in the development
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A STRATEGY FOR STIMULATING ENERGY CONSERVATION BY DEFENSE CONTRACTORS

Charles H. Alford, Major William C. Rosenthal, Captain James Nation
Headquarters Aeronautical Systems Division (ASO)

Air Force Systems Command (AFSC)

Wright-Patterson Air Force Base, Ohio 45433

BACKGROUND ENERGY CONSERVATION IN AIR FORCE-OWNED PLANTS

The energy issue has become "energized" by num- In November 1976, officials in the Directorate
erous individuals and agencies within the fed- of Manufacturing at ASO approved an initiative
eral bureaucracy---to the extent that every to promote energy conservation at the 23govern-
manager at every level, in-and out of the rent-owned/contractor-operated (GOCO) indus-

government, is under pressure to make a program trial plants managed by the Directorate.
out of energy. This is in some ways unfortu-
nate, because it can screen some important The primary motivation for this initiative was
realities which are necessary to deal effect- experience with the emergence of the environ-
ively with the problem, without an excessive mental protection program about 3& years earlier.
amount of wasted effort. The approach outlined The initiative was attended by resolve to anti-
in this paper was based on the premise that cipate or at least keep up with the shower of
"energy" is a factor of production and an eco- directives that seemed inevitable, instead of
nonic good. As an economic good, it is rela- reacting to events and decisions attended by
tively scarce and relatively costly. The prob- compressed time schedules. Subsequent events
lem that we are dealing with is that the cost have demonstrated the prudence of the decisionis increasing significantly. Shortages may de- to get prepared early. It has been said that
velop in the near future due to lack of elec- the technical basis for decision-aking must

tric'l generating capacity or in the longer come from the level of an organization where
term due to source energy depletion, but this the knowledge resides. One might add that it
is really beyond the horizon of the defense usually takes more time for the knowledgeable
contract anager and beyond his control. Con- people to obtain and organize technical data
tingency planning is about the only effective than is allotted for decision-making. The mes-
response that can be made. sage for organizations with technical responsi-

bilities is---anticipate decisions that will
More could be said, but the premise that the have to be made and invest time and talent to
rising cost of energy is the major problem in get ready to support that decision-making.
defense procurement can be held evident. Re-
lated to this premise is the contention that The ASD initiative for GOCO plants preceded the
the best way to deal with the problem is to issuance of Executive Order 12003 (20 Jlyl9?7)

rely on the organization and talent that al- by several months. By this time, an organized
ready deals with the problem of escalatingcosts effort was already well underway for the Air
of factor inputs used by a given enterprise. Force GOCO industrial plants. Probably because
If an ente-prise conserves energy, it saves the effort was able to unfold without external
money. But, if energy conservation efforts are pressures or arbitrary constraints, all of the
in themselves too costly, the only benefit is issues in the Executive Order (EO) were ad-
to delay for a brief time the day sometime in dressed and specific strategies for dealing
the future when the necessary energy supply with these issues were becoming well developed.
runs out. However, instead of dealing with The real payoff, however, was the leverage that
energy conservation in terms of generalities, was available in obtaining the resources and
the apprach in this paper is, in the first man3gement and industry support needed to sus-

part, to relate experiences of the authors in tain the effort.
developing an energy conservation initiative
for Air Force industrial plants. The next part The policy basis for the energy conservation
describes the specific techniques developed to effort for the GOCO industrial plants is the
analyze building energy use and identify speci- above-mentioned EO 12003. The Order lays out
fic conservation opportunities. Next, the case the blueprint for energy conservation within
for use of computer simulation tools for build- the federal government. The mandate in the
Ing energy analysis is presented. The conclud- Order impacts two areas: (1) fuel economy of
Ing part draws on the authors' experience to motor vehicle fleets and (2) energy conservation
date and proposes a strategy for fostering in federally-owned or leased buildings. Of
energy conservation among defense contractors. course, it is the federal buill ing directives,

which bear on GOCO Industrial plant management.
The Order requires, as part of a ten-year pro-
gram, an energy survey of all federally-owned
or leased buildings of 5,000 square feet orover.
The purpose of this survey and subsequent analy-
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sis is to identify cost effective measures, in- sures had been undertaken. A few plants had
cluding capital investment, to reduce 1975 en- installed equipment to control peak electrical
ergy consumption in office buildings, commer- demand to keep utility demand charges down.
cial buildings, and warehouses by 20% by 1985. There was little evidence, however, of any ex-
Although the 20. goal does not apply to all in- tensive engineering effort to identify conser-
dustrial type buildings, conservation is vatlon opportunities in any rigorous way.
essential. Building retrofit projects, involving capital

investment, were seldom identified. Moreover,
The 23 Air Force 60C0 industrial plants, oper- since capital investments required Air Force
ated by 28 contractors, support a variety of funding (which was not available), the lack of
manufacturing operations such as, aircraft, funding action discouraged subsequent proposal
engines, missiles, electronics, forgings and effort. It might also be noted that projects
extrusions, and various system components. that were submitted were often based on impli-
Production at these plants is not limited to -.it Jidjnients rather than comprehensive en-Air Farce hardware. Output is also delivered gineering ailysis. This was the trend that

to Ary, Navy, DSA, and NASA customers or their needed to be reversed to respond to the goals
bubcontractors. Some civilian production is of EO 12003.
also permitted; especially in the area of pro-
duction of aircraft quality forgings. The com- In developing an energy conservation program
plex of GOCO plants consists of about 850 for the GOCO plants, there were three approach-
buildings, 309 of which are over 5,000 square es considered. One alternative was to Dut to-
feet in area. Industrial-covered floor space nether a team of oualified soeclalists to make
amounts to about 32,000,000 square feet. Half enermv audits for all the GOCO olants and
of this plant area was constructed prior to identify conservation opoortunities for con-
1946; ninety percent was constructed prior to tractor action and Air Force fundinn. This
l94l. aoDroach showed little cromise because the ex-

Derts needed were simply net available. If
The contractual arrangements governing the GOCO they were, it seemed clear thet they would
plants are of significant Interest. The basic have to go into each plant . relatively few A
con.ractual vehicle is the facilities contract. times, obtain necessary data by "brute force",
The facilities contract establishes terms for then develop a terminal report or recommenda-
use of tile facilities, protection of the facili- tion. There appeared ?.n be no prospect of
ties, and upkeep of the facilities. However, substantial, continuing energy management un-
the only work paid for under the facilities der this alternative.
contract is work Involving capital improvements qn
(such as expansion, modernization, or capital A second alternative would involve retainingtype rehaoilitation). The contractor writes qualified architect engineering firms on a

the checks for recurring maintenance, plant consulting basis to do the same task. This
protection, and for utilities and other energy was the basic approach used by ASO in response
supplies. These expense items become elements to environmental regulation impacting the GOCO
of overhead which are allocated to all con- plants. Based on information provided by the
tracts in the plant as overhead. It is clear, Department of Energy (DOE) sources, energy
however, that whoever makes these payments, the surveys by consultants would be expensive
customer ultimately pays for all costs of manu- (15t to 2S per square foot). Under this ap-
factouring and facilities operations when deal- proach obtaining funds for surveys appeared to
Ing with any going concern. Under the existing be a difficult proposition and much time would
arrangements, especially where the government be lost. The limitations of the first alter-
iF the only customer, this can lead to circum- native were also evident.
stances that make the need for energy conserva-
tion in defense procurement even more urgent. The third approach recognized that the basic
This makes reference t ne fact that defense inforration about a facility and the way en- -1
contractors' costs for nergy are part of over- ergy was used in that facilicy would come from
head. This means that, when the accounts are the operating contractor. The concept was
all settled and all bills are paid, the cus- then developed of inducing the operating con-
tomer has not only paid the acquisition cost of tractor to analyze the plant and its operations I
energy, but also an increment of profit and and identify energy conservation opportunities
corporate general and administrative expense. for his own implementation and for Air Force
This. of course, sweetens the pot if savings in capital investment. Expertise not available
energy costs are experienced. It also adds to within the operating contractor's staff would
the penalty if the challenge of energy conser- he retained only as a tast resort, and when-
vation is not met. ever possible, in connection with the design

of specific retrofit proje.ts subsequent to
The situation at the outset of the ASD energy approval of the project for fiple,._,atation via ZI
conservation effort, found the GOCO contractors the facilities contract. It was recognized
makirg varying amounts of progress in energy under this approach that the skillful use of
Lonservation. Corittees had been established talent% of 'oD and contractor personnel al-and i.ployee programs were fairly well struc- ready on the job in facilities rnagement, I1tured rhe so-called waste-not-want-not rmea- plant engineering, financial management, and
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other areas, could result in a pool of knowledge cons jltant, (2) the procedures in the - Handbook,
and expertise that could support energy manage- are flexible enough to dovetail with on-going
ment on a continuing basis. The major task contractor energy conservation program';, ('i)
then became one of convincing the plant opera- the opportunity listings in the Handbooks are
tors to play the game after ASUhad come up with very comprehensive and are excellent idea gen-
a game plan that would work. Getting the plant erators, (4) forms for documenting facility
op,!rator to play the game involved three fac- energy data in an organized manner are furn-
tors: (1) developing a feasible program stra- ished. This eliminates a very large adminis-
tegy, (2) developing confidence in the ability trative burden on the plant operator's enqin-
of the Air Force team to do its part, and (3) eering staff.
establishing credible prospects of adequate
funding. The job of getting funds support in- Using the above technique, the survey ofenergy
volved demonstrating to Air Force headquarters consumption at each plant site and the selec-
that a feasible'program strategy was in hand tion of buildings for detailed analysis has
and that ASO was able to support a meaningful presented little difficulty. The only problem
program. It is not the purpose of this paper has been with facilities that are only partly
to retrace the steps to the present posture. government-owned and separate utility metering
The present posture is that ASD has been pro- is not provided. Building selection on the
vided FY 1978 funding and a commitment for FY basis of square footage (5,000 square feet or
1979 funding when plans anticipated a program over) is the logical approach in most plants.
for FY 1980. Also, the GOCO plant operators Exceptions noted involve (1) situations where
are cooperating in the program as herein des- a number of very similar buildings involve a
cribed. The purpose of this paper is to inform significant combined energy use and (2) one or
the defense. community about the feasible pro- two plants where energy use in buildings is
gram strategy that has been adopted for the secondary to overall site energy use. In these
GOCO plants and to suggest some useful applica- instances, primary reliance will be on the
tions of the strategy to defense procurement in Site Energy Handbook approach.
general.

DEFINING CURRENT BUILDING ENERGY USE
ASO BUILDING ENERGY ANALYSIS TECHNIQUES

The initial premise of the ASD team was that
The following steps comprise the ASD approach it is absolutely essential to define the base-
to identifying energy convervation opportunities line energy use conditions in a selected build-
(ECOs): (1) set priorities for analysis effort, ing before the effects of introducing an'ECO
(2) define the way energy is currently being in the building can be accurately computed.
used-in selected buildings, (3) identify candi- The DOE Building Energy Handbook recognized
date ECOs, (4) analyze impact of each ECO on this fact and provided the forms and computa-
building energy use, recognizing priority of tional guidance necessary to do the job. In
retrofit actions, (5) perform an economic the words of ona plant operator, "It's all in

* analysis of candidate ECOs, and (6) implement there." However, increasing familiarity with
LCO program. The following commentary on each the amount of effort involved led to increas-
of these steps should be helpful. ing doubts that plant operators could afford

to devote the amount of engineering time needed
to perform the "number-crunching" involved in

SETTING PRIORITIES FOR ENERGY ANALYSIS analyzing the baseline condition and evaluat-
ing ECO alternatives using'manual desktop
methods. It was obvious that a powerful tool

How does one identify plants and buildings which was needed. The need to use the computer was
represent the best opportunities? Tte ASD team evident and a computer program was needed that
reviewed numerous schemes for establishing en- could define the baseline energy condition,
ergy conservation programs and found a common test energy and cost implications of alterna-
thread running throughout all of them. In each tive ECOs, and preserve the baseline data for
program, a facility survey of some kind is made future use.

*to see how and where and how much energy is be-
ing used. Opportunity analysis is then per- A program was found to suit this purpose---The
formed, focused on the most energy intensive Building Loads and System Thermodynamics Pro-
areas. Finally, there is an economic analysis gram (acronym BLAST). The program was devel-
to set priorities. The ASD initial facility oped by the U.S. Army Construction Engineering
site survey and building selection procedures Research Laboratory (CERL) in response to a
are based on the methods outlined in the Depart- requirement from the Air Force Civil Engineer-
ment of Energy Site Energy Handbook (ERDA 76/ ing Center. When it became evident that this
131)*and Building Energy Handbook (ERDA 76/163). tool would do the Job, the concept of using
This basis was selected for the following rea- the Building Energy Handbook to define the en-
sons: 1) the procedures acknowledgc that the ergy baseline was abandoned. The handbook
information base for analysis can best be pro- will now be used to help the plant operator
vided by the operator of a facility, not by a document building information needed for the
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detailed analysis (Building Questionnaire, following extract from the ASO BLAST training
• Building Energy Handbook, (Vol III Chap 2, Form material: "(1) You want to add a partition:,

S2-2). Armed with this analysis the operator from floor to ceiling in a building zone. A
{will use the ECO checklist (Building Energy simple input change to the already constructed

Handbook, Vol III Chap 2, Form 2-3) to identify lille.r can tell you the effect of that partition
Spotential ECOs. At this point, instead of us- bn your energy picture in the building. (2) )
SIng the manual calculdtion approaches in the You want to investigate a potential increase or

handbook, the BLASt computer model or an equiva- decrease in production on your utility bill.
:ilent model Is employed. The BLAST program is Maybe you would like to add a shift. Simply
: currently available on the Control Data Corpor- change the occupancy, lighting and equipment

align Cybernet time share service for commer- schedules for your already constructed build-
icial or GSA contract use. The program has been Ing load simulation files and let the computer:

locally evaluated in a study conducted at WPAFB do all the heavy work. (3) You want to inves--
. and f:)und to be very effective. The GSA appa.r- tiqlate the overall effect of changing the 5
_ ertly shares this opinion because it has select- .throttiing range of your plant's thermostats.

ed LI.AST for use in energy analysis of GSA ,This is a simple 20 minute exercise if the
- buildinqs building simulation is ale.ady constructed. j

> '(4) The sensitivity analysis capabilities of "
How Is BLAST used to define the way energy is the program make it a shoo-in for definition
used in a building? The BLAST program esti- of automated Energy Management Control Systems.

. mates, hour-by-hour for any given year, the You can investigate such potential benefits as [
i space heating and c;ooling requirements of a zone lighting control or air handler cycling i

~building, performance of air handling systems. before laying out any hard cash for system de- I|

and performance of central heating and cooling sign. You can -investigate the impact of equip-
plants. This estimate is based on extremely merit maintenance problems and determine the
rigorous and detailed algorithms used to com- benefits of central monitoring capability.
pute building thermodynamic loads and system (5) Speaking of O&M, the engineer who prepares

" performance. The input language is Engl tsh- the program input data wil: become intimately !
Silike rather than computer-like. The pormfam',Iiar with the operation of building ss

,contains a very extensive -library of engineer- tems. The impact of seemingiy small defici-
t: ing standards which frees the user from the encies such as inoperative or partially in-

I tedious task of inputting hundreds of numbers operative outside air dampers will become .
' for each space or building. In layman's terms, readily apparent as related-to the total en-"
SBLAST is used to create an "as built" model of ergy picture for a building. He will be in a

the building which portrays the energy use pat- position to recommend O&M4 procedures that cost

mendous potential for energy reduction."i

i~ IDENTI FYINC ECOs

i " ECONIOMIC ANALYSIS OF ECOs

: The basic process of identifying E^.Os employs~ ~~the survey checklist" nteDEmnas ag The economic analysis of ECOs is performed on .

merited by the building operator's own experi- a life cycle costing basis, using the proced- .-
Itence and engineering insight. Opportunities, ures specified in the DOE Life Cycle Costing

as developed, must be analyzed in terms of capi- Emphasizing Energy Conservation Handbook .
Stal cost, operating and maintenance (O&M) cost (ERDA 76/130). The calculations required by

impact, and performance characteristics. The this handbook are extensivei necessitating

, next step is to try the ECOs out against the more computer help. A computer modelI LIECY-2,

~~computation effort. LIFCY-2 provides the cap- "*:
t ability Ito compare economic implications of o Al

ANALYZING IM ,,CT OF ECOs. several ECO alternatives. Sensitivity analy- "

_ sis can also be easily performed to assess the
effect of alternative future conditions on the ":

:Investigation of an ECO, after simulating the life cycle cost of an ECO. }

: basic building-energy profile, can be accomp-
lished by making a simple input data change,
then running the BLAST model to assess the e-IMPLEMENTATION OF ECOsef-7
feet of the change. The value of such a tool i"

" to facility engineering management cannot be !
- overstated since the files created in the BLAST Limitations on this paper prevent devoting ex- ;-
: program can he saved on disc or tape,. This tensive discussion to the implementation of !"

3%-- - means that effort expended once, if kept up to ECOs determinedto be cost effective. The an- !:.
- date, car be used throughout the life of a alysis provides excellent support for budget I{

dbtiled a yng. The implications of having thfs en- action, as the has demonstrated.
gneerinm tool available are suggested by the Funds appropriated will be obligated under the
n t mu c u i ar h Iapplicable facilities contract. The informa-
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.ion base developed during the analysis phase developed. Although the crux of the issue is
ensures an audit trail which will be used by the incentive for investment, a task that is
field pricing and audit personnel to ensure that almost as challenging is the job of getting a
the energY'cost avoidance does accrue to the contractor to institute an effective program
Air Force or other Government customers for the in the first place. One alternative would be
ife of the ECO. to encourage and educate contractors to under-

take energy management programs on a voluntary
basis. This approach has probably done some

A STRATEGY FOk PROMOTING ENERGY CONSERVATION good, but if contractors fail to see a return
from their efforts, they will not undertake the
kind of effort that is needed. By the same

The first question that comes to mind in con- token, if the Government contract manager does
sidering a program strategy applicable to de- not have accurate technical data as a basis
fense contractors in general is, "Why can't it for decision, he will be reluctant to enter-
be done the same way as the GOCO plant program? tain any kind of investment incentives. The
Everything can be done, in fact should be done, alternative is to make an energy management
in the same way until the economic analysis is plan a contractual requirement in carefully
reached. Here is where the difference becomes selected circumstances. It is recognized that
evident. In the GOCO plant program, the cus- the OoD has resisted suggestions that energy
tomer is making an investment based on a cost- conservation be made the subject matter of
benefit analysis of customer return on thecapi. contract clauses. This position has beenwell-
tal the customer provides. The operator parti- advised because the kinds of provisions pro-
cipates to the extent required because of pros- posed were not specific. However, if the
pects of somewhat improved competitive posture methods advocated by this paper were adopted,
and other peripheral benefits. Now if the con- there would be a very specific deliverablecon-
tractor owns the plant to be retrofitted, his tract item involved that would have a very
decision to provide the capital to undertake specific application. There is no panacea.
energy projects is based on economic analysis, Simplistic approaches can lead to impropri-
which portrays the contractor's return on in- eties and waste of resources. However, it is
vestment. Benefits to the contractor in this reiterated that the steps that lead up to the

!' analysis involve consideration of two keyques- crucial investment decision are critical. The
tions: (1) How much of the project benefits job of identifying the investment opportunity
will the contractor enjoy versus benefits acoru- and surrounding it by all the facts necessary
ing to the customer. (2) Will the projectpro- to guarantee the projected outcome must be
vide satisfactory return on investment, which done right. The Job that must be done is not
now considers thetax implications? It can be a manhjement effort. It is not an accounting
seen that the Government, as customer, also can effort. It is an engineering effort with
(and should) develop an economic analysis por- accountable results that must be properly
traying the customer benefits that will result managed.
from the contractor's investment opportunity.

If this comparative analysis is done, the basis
for decislon-making becomes clear. If the in-
vestment is attractive to the contractor and
beneficial to the customer, the contractor
should be encouraged to make the necessary in-
vestment. No further incentive should be needed.
If the investment is attractive to the contrac-
tor but cost benefit to the customer is negli-
gible, encouragement would also be in order, but
prirmrily based on support of the overall Gov-
ernment interest in energy conservation. The
crux of the strategy is to deal with those op-
portunities that involve substantial cost bene-
fit to the customer but a share to the contrac-
tor which is insufficient to justify investment.
There is no way of estimating what percentage
of opportunities would involve this kind of dis-
proportionate prospect of return. The authors
are of the opinion that the patterns of forward
overhead pricing and incentive contract sharing
In defense contracting have created this situ-
ation in a majority of cases. There are numer-
ous tactics available to the defense contract
manager which can adjust the Incentlve involved
in a particular contract situation to obtain the
benefits of contractor investments to reduce en-

\, ' ergy consumption. New tactics may have to be
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A SYSTEMS ANALYSIS PROCEDURE FOR EVALUATING ENERGY REDUCTION ON IPP PROGRAMS

Dr. John H. Amos, University of Missouri-Rolla

INTRODUCTION These factors included in the system affect
the generation of production, shipments,
energy, etc.

The Department of the Air Force is responsible
for the maintenance of certain industrial cap- The ESAP approach follows the same steps that
abilities essential to long-term national are'common to other design techniques. The
defense goals. The Industrial Preparedness goals are defined, the significant factors
Planning (IPP) Program is established for identified, procedure system constructed and
meeting these objectives and is designed to tested, and the results analyzed and inter-
maintain an adequate industrial base to sup- preted. The procedure is designed around-a
port DOD requirements for selected essential goal requiring a visualized description of the
military izens 'n a national emergency, in interrelated parts of the system. These
addition to the maintenance of selected indus- verbal statements are translated into mathe-
trial segments necessary for the long-term matical notations which contain the mechanisms
national defense. of interaction that have been visualized be-

tween the various parts of the system.
Modern technology, the basis for much recent
economic growth, has been heavily dependent on A system of equations was developed in the con-
energy, especially oil, primarily because of text of certain conventions that state how the
its historically low price. Unfortunately, equations are to be evaluatcd. These equations
DOD technology has also followed the trend of control the changing interactions of a set of
being heavily dependent on energy. This re- variables as time advances and are computed I
quires society to allocate a greater portion periodically to provide successive new states

of its revenues for energy, which reduces the of the system.
- government tax base, making it difficult to

support large DOD budgets. In turn, DOD has The continuous advance of time is broken into
less funds for development, but at the same monthly intervals. Changes made at the begin-
time increased operating costs for facilities ning of the interval (mcnth) are not affected
because of increased energy prices, by any changes that occur during the interval.

At the end of the interval, new values of
ilhe more fundamental immediate problem examined levels are calculated and from these, new rates
in this study is that of the effects various are determined for the next interval.
degrees of energy reduction will have on sup-
plies and equipment obtained from industry for For the purpose of 'valuation, the basic equa-
various Air Force weapons systems. Several tions aie separated into flow equations and
specific questions occur, such as how will an quantitative equations. For each time step,
energy crisis affect production in IPP plants the quantitative equations are evaluated
in a particular region, what are the critical first, and the results become available for
processes and where located, and what is the use in the flow equations.
ability of IPP plants to respond to commitments
during an eergency. This study is directed Delay equations introduced a time lag, a con-
towards responding to these and similar ques- version process that accepts a given inflow
tions. and delivers a resulting flow of output. Many

delays are short and their effect is negligible 4

compared with longer delays.

During the process, the relative importance of
various factors is determined. Data is ob-

The Energy System Analysis Procedure (ESAP) is tained relative to changes in value within a ogeneral in nature and represents a broad indus- range of present operations; obtaining data or

trial base. Because the immediate objective 'refining for operations outside the range Would
was an examination of possible effects or un- be unjustified as these operations-generally
stable behavior arising from the energy short- are unprofitable.
z ago-, pertinent factors relating to energy werl
included in the procedural formulation. Many Even though'a grent degree of aggregation
principal organizational relationships and man- occurs, energy types, supplies, products, cus-
ageoient policies might have been interesting, tomers and production are segregated in the
but could not be included. However, the crit- procedure. Only those items are aggregated
ical importance of the structure ic the con- that have similar characteristics either in
tributing causes to the principal activities, decisions or time response, functions, etc.,
delays, etc., which were included resulting which preserve the important nonlinearities of
f'rom ,he 'h.w of energy through the system. the system. Aggregation was based !argly by
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vxamining these factors. Individual activities ables concerning energy and IPP programs; and

,ad sequences are formulated in the procedure; there was divulged far more useful information
therefore, flow diagrams were developed for the than existed in recorded data.
sequence of individual actions. This involved
c-tths of events, formations, delays, backlogs,
shipments, and production. Through this meth- ASSUMPTIONS
od, the establishment of aggregation of sep-
arate items is possible.

The problem of determining the effects of
Activity in the procedure consists of interact- energy on production capacity under varying
ing flow networks of energy, production, and conditions (especially IPP requirements) is

flow of materials. The materials flow is con- evaluated through an Energy System Analysis
trolled by many interacting relationships rep- Procedure (ESAP). Such an approach is based
resenting information based on inventories, on several premises:
sales, and production. Therefore, those parts
ave included that directly relate to energy. 1. Decisions in management and production take
The omission of other variables from the deci- place in a framework of information-feedback
sions is not unrealistic, because these influ- systems.
ences on decisions seldom take precedence for
long if they run contrary to actual energy 2. Intuitive judgment is generally unreliable
resource conditions. The procedure has been about how these systems will change with
developed to interpret the response of the time, even when good knowledge exists of
system. Thus, concentration is on the main individual parts of the system.
channel of material flow (which includes ener-
gy) from production plant to customer and DOD, 3. Model experimentation fills the gaps where
and on the streams of information flow moving knowledge and judgment are weakest by show-
through the systems. The system is concerned ing the way in which the known separate
with four major types of energy--natural gas, system parts can interact to produce un-
coal, oil, and electricity; therefore, the dia- expected and-troublesome overall system
gram involves a similar diagram for each energy results.
source. This defines in a general way the
problem facing industry when energy supplies 4. Enough information is available for an ox-
are reduced. perimental model building approach without

great expense and delay in further data

The tracing of specific time makes possible collection.
the generation of specific time history of the
behavior that would result if the system (as 5. The mechanistic decision-making process is
described) had actually occurred. It takes the true enough so that the structure of poli-
place of the real system and simulates opera- cies and decisions of an organization is
tions under realistic circumstances. This represented.
permits a great deal more to be learned because
the experimental conditions are fully known, 6. The organizational systems are developed to
controllable, and reproducible, so that be- create many of the troubles often attributed
havioral changes can be traced directly to to outside and independent causes.
their causes.

7. Policy and changes are feasible that produce
substantial improvement in the behavior and

SOURCES OF DATA system performance which is often far from
what it could be, and initial design changes
can improve all segments without compromises

Data and informatinn were obtained frors inter- or losses from gains in another.
views with typical organizations participating
in IPP programs. A list of these organizations These premises are the basis for developing an
was obtained from the Register of Planned approach to the understanding of the effects
Emergency Producers (Off i Assistant that energy reductions and changes have on the
Secretary of Defense, Volumes I, I1, III, DOD behavior of IPP production facilities. The
40053-H, April 1975). From this source, interactions between system components are in
twenty-six organizations were pre-interviewed many situations more important than the com-
concerning IPP programs, their operations, use, ponents themselves. Therefore, the information

etc. From these a sample was selected to pro- feedback becomes the basis for integrating the
vide data for the ESAP and the case examples separate facets of the process.
nr.sented in the context.

Sufficient information and data existed con- VALIDATION OF PROCEDURE
sisting of descriptive knowledge by management
for the study. In fact, management was very
sensitive to the preserving of important varn- Validity of the procedure, ultimate purpose,
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and the asstmptions underlying the procedure another. In approaching the actual situation
are not separated. The procedure can only be oflenergy reduction (shortage), this involves
expected to perform to the extent that the sys- tentative identification of the pertinent var-
tem has the characteristics to achieve the iables, reducing these to equation form, and
goals. In all cases, unknown and uncontrolled selecting the factors that are to be included.
forces will develop that will cause events to
occur which will affect the long-term outcome, 1. A. For the Customer and DOD Sector, the
and may or may not influence individual specif- quantities that are central are:
ic events at particular points of time.

(1) Backlog sales

The behavior of the procedure is greatly (2) Inventory
changed if any of the controlling policies are
changed. The use of quantitative techniques B. Correspondingly, the major flows perti-
takes on authenticity; therefore, judgment must nent to the objectives are:
be P formal and sound part of the evaluation.
Validation does not stop with numerical data (1) Orders from customers and DOD
but uses bs-th :ources including non-quantita- (2) Inventories shipped
tive areas. (3) Orders to production

(4) Transportation to customers and DOD(S) Transportation from production

ENERGY SYSTEM ANALYSIS PROCEDURE (ESAP)
'C. The principal delays for these quanti-

ties and flows are:

The Energy System Analysis Procedure (ESAP)
describes the manufacturer's behavior during (1) Delay in inventories shipped
energy reductions, involving and relating the (2) Delay in transportation to customers
essential characteristics of the firm. Only and DOD
the most pronounced and obvious influences are (3) Delay in backlog sales
included. The purpose is not to achieve com- (4) Delay in trasnportation from produc-
plete representations of all functions, but an tion
analysis to u.derstand the contributions to
the system behavior. 2. A. The Production Sector involves quanti-

ties set forth as follows:
The ESAP has the following characteristics:

(1) Actual raw material (Rid) inventories
I. Describes cause-effect relationship for var- (2) Unfilled purchase orders from sup-

ious energy types. pliers

2. Is simple in mathematical nature. B. The major flows for this sector are:

terminology. (2) Purchase orders to suppliers
3. Ies closely synonymous to the industrial (I) IPP production

4. Can extend to large complex situations. C. Delays in the production sector are:

S. Includes a continuous interaction of energy- (1) Delay in purchase orders to sup-
related activities, pliers

(2) Delay in IPP production
The structure contains the following essential (3) Delay in transportation from sup-
features: pliers

1. Customers of sever levels of activity, DOD, 3. A. The Suppliers Sector uses quantities
IPP manufacturlrg units, and suppliers. factor ?SflosF

2. Flows from one level to another of informa- (I) Supplies shipped
tion, materials, etc.

B. The flows are:
3. Decision points that control activities in

the structure. Thcse are statements of (I) Supplier production
policy that determine response to conditions. (2) Transportation to production PA
, 1. Informt~on sources thnt connect the struc- C. Deay for supplir. are:

tore.ture.(1) Delay for supplier production

In this nnalysis, the customers (including DOD), (2) Delay for transportation to produc-
production. uppliers,-i7adry sources make tion.
1111 1"o sectori77whTE sire vwry .1milar to one



4. A. lhe Energy Sector quantities include: S. Many new production facilities in the area
are not involved in TPP programs.

(1) Energy for production
(2) Energy for suppliers 6. Management of the firms with IPP programs
(3) Energy for transportation feel that the Air Force/DOD lacks interest

in these programs because of the poor com-
B. The flows that are involved are: munication with them; therefore, management

does not feel any commitment to Department
(1) Energy allocation of the Air Force/DOD requirements, only to
(2) Energy substitution their regular customers.

C. The delays are:
LIMITATIONS OF ESAP

(I) Delay in energy allocation to indus-
try

(2) Delay for transportation All procedures, models, systems, etc., devel-
oped to cope with a given problem or to provide

Changes in data, while ignoring the super- information have various degrees of limita-
imposed meaningless fluctuations, require tions. It is important that these limitations
averaging (smoothing). Averaging of data oc- be recognized by the users and results inter-
curs to some extent at all points in the pro- preted with them in mind. The major limita-
cedure. In turn, each of these same points tions of the ESAP are:
contributes its source of fluctuations to the
points or activities being controlled. The 1. The system developed for the project is
mechanism for smoothing is the numerical pro- deterministic, which does not permit the
cessing of data into averages, monthly, addition of data during the period.
quarterly, and annual summaries of sales, prod-
uction, and energy usages for the period speci- 2. Seasonal variations, cyclical changes, etc.,
fied. These formal averaging processes are are not included in the system. These can
found in many points and channels of the be added, which would make the analysis more
procedure. realistic to real-world conditions.

3. There is a lack of probability distributions
CATEGORICAL FINDINGS utilized extensively in the system. A

greater use of Monte Carlo distributions
would make the output closer to actual real-

These findings are based on the ESAP of firms world events.
having IPP programs surveyed, ranging from
light fabrication plants to basic production 4. It must be recognized that data and informa-
plants. tion for the developing and testing of the

procedure was limited to a small number of
I. The critical factor causing reduced plant IPP firms located in the Midwestern Region

output is lack of materials from suppliers of the United States.
that are generally major users of another
energy source in the production process, or S. The present United States energy program is
lack raw materials. From the analysis, one an allocation based on past average usage
or two suppliers from distant regions (such rates. For example, if a firm had ireffi-
as northeastern U.S.) caused major reduction cient productio, equipment and/or buildings
of output in these plants, without insulation or in poor repair, the

energy usage would be reduced the same per-
2. Plants have made provisions for standby centage as the firm having highly efficient

energy sources for heating purposes; how- production equipment and buildings. No pro-
ever, no standby is available for electrical visions are made in the energy program for
power which is especially important to these efficient use of energy. Therefore, no
plants since "brownouts" will cause real methods or means are provided in the analy-
problems. sis for efficiency versus inefficiency of

production facilities.
3. Results for the program are for a one-year

period, which is valid because firms can
make major changes beyond a year to cope RECObW4ENDED USES FOR WE ESAP
with energy shortages. IN AIR FORCE IPP PROGRAMS

4. IPP programs for most firms are out-of-date,
as they have not been updated and reviewed 1. Analyzing the effects of energy reduction on
periodically. Plants have added and dropped the firm's production-capabilities.
production facilities and changed technical
know-how since IPP surveys were prepared. 2. Determining which production facilities in

the IPP program are utilizing energy most
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cfficicntly for selecting production facili-
= ties for IPP programs.

I

e3. Establishing benchmarks measuring how pro-
duction will be affected during energy
reductions.

4. 11is analysis will give firms an idea of
what factors will probably limit their pro-
duction capabilities during various types of
energy reductions. Then DOD may encourage
firms either to prepare for alternative

fenergy sources or to be dropped from the
IPP ;rogram.

5. Determininx wh, DOD supplies will be in
critical shortag, and should be stockpiled.

RJ 1tUkIMENDATIONS FOR IMPROVING THE IPP PROGRAM

1. It has been amply demonstrated that society
and industry have not yet adopted energy
efficiency and conservation practices. flow-
ever, the government cannot expect industry
and society to practice energy conservation
and reduction if it does not adopt such
practices itself. The Air Force must make
changes and show how these changes contrib-
ute to increased efficiency through the IPP
programi. The Air Force must take the leading
:olc in this area, similar to the Space
Technology program in which space technology
has been adapted to comercial use.

h2. The .SAP provides a range of what Air Force
planners an expect from various types of
energy reduction.

3. The ESAP should be performed for all Air
Force IPP firms in a particular federal
region to determine how energy reduction
affects them. Later, the procedure would
involve all federal regions having Air Force
IPP plants, then still later, all DOD
facilities.

4. This procedure should be employed to evalu-ate the effect of er "gy on all new proposed
weapon systems. 11 , would determine which
IPP plants would be expected to experience
production problems in meeting cotmitments.

S. ilecause production capabilities of 1FF
plants are changing through new equipment,
mort, efficient energy utilization, new tech-
nh ,uv. raiw mntorial. tntc., the procedure
.hiiiiil 11 ut il 9d on,.h yeor whon Form 119

Ip irepa rel,

,. At present, 11'l' plants do not hnve an energy
priority, even during an emergency. There-
fore, the Air Force and DOD should work to
enact an energy priority system for IPP
ptnts in the United States allocation J
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F2TURE SOURCES OF MILITARY JET FUELS

WilJiam L. Stanley, The Rand Corporation

INTRODUCT ION _ ---

lM U.S. Iner9

As the availability and economics of jet fuels Av illb0 C0n$umion ls 34
derived from crude oil become less certain in tnII
the future, the United States Air Force will Iq"II°
need to consider the implications of using jet slut)
fuels derived from alternative energy re-
sources. This paper highlights some of the L.
results of a Rand analysis for the Air Force 0 = = --
that sought to identify (1) the most promisingadradhI
energy resource alternatives to crude oil for ol l
Jet fuel production, (2) the most attractive mSt C -oal
military jet fuels derivable from the resource aesurvUt|n Oil
alternatives, and (3) the appropriate military In 19Z 4r .--.-.- huoja 1
R&D activities required to narrow the uncer- lorco rI4

I Oil Gas
tainties associated with synthetic jet fuels.[

What has happened to military Jet fuel prices Fig. 1--U.S. Fossil Resources

since mid-1973 provides much of the motivation SOURCES: (1[2)[30][22)(4].
for considering alternative energy sources.
The price the Air Force pays for its JP-4 jet
fuel has increased by over $800 million; at military fuels, indicate that oil shale de-
present consumption rates, each penny per gal- serves serious consideration as a future energy
Ion increase in Jet fuel prices translates to source for jet fuels [231126)1114]. In this
about a $40 million increase in annual Air paper we consider a subject which has received -1
Force jet fuel expenditures. Considering somewhat less attention, the prospects forthese increases in jet fuel costs, it seems using coal as an energy source for jet fuels

quite possible that some time in the future, for Air Force aircraft entering the inventory
jet fuels derived from energy sources other in the 1985 to 2000 time period.

than crude oil may become economic.
At current rates of domestic crude-oil produc-

Ongoing discussions about the moat appropriate tin, we would deplete the crude-oil reserves
future aviation fuel forms provide the motiva- noted in Fig. 1 in about 40 to 60 years (18],
tion for evaluating more than just conven- which indicates the inevitability of some
tional hydrocarbon fuel types. Indeed, some shifts in our patterns of energy resource con-
have suggested that liquid hydrogen is the sumption to more abundant domestic supplies of
aviation fuel of the future, but it must be energy. Of course, if and when we begin to
measured against the other alternatives, place greater reliance on fossil resources

like oil shale and coal, we will require new
The long lead times required to introduce new processes to convert these solid fuels to
aviation propulsion technologies dictate that liquids suitable for transportation uses.
the military participate In synthetic-fuels-
related research today. Our findings provide Figure 2 illustrates a respresentative, but by
some suggestions about the appropriate no means exhaustive, set of processes for pro-
research emphasis in the present environ- ducing selected jet fuels from energy re-
ment of considerable uncertainty, source alternatives to crude oil and natural

gas. Several of the energy resources, in-
Figure 1 illustrates one of the more fundamen- eluding coal, could, in principle, be used to
tal energy problems confronting the United produce any of the Jet fuels shown in Fig. 2.
States.

2  
While we have a declining domastic Oil shale could also ausume such a role, al-

resource base of oil and gas, we rely on is- though attention thus far has mainly focused
ported and domestic supplies of these resources on deriving liquid distillate products from
to satisfy about three-quarters of oir energy oil shale. Hydrogen has the virtue of being I
needs. Fortunately, we have other resource derivable from any of the so-called renewable 3alternatives, including abundant supplies of or ultimate energy sources (e.g., solar energy,

coal and as yet unexploited re irves of oil nuclear fusion), but the economics and energy 7

shale. The extent of the oil-anale resource requirements of these processes do not promise
base, and the generally favorable results of to improve upon the economics of obtaining hy-
preliminary experiments conducted by the Air drogen via coal gasification in the 1985-2000Force, Navy, and their contractors In the time period. Indeed, when; one considers theretorting and refining of oil shale to liquid resource base of each of the resources fhown in
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production. An understanding of the techn-val

reasons why certain fuel 1roduction proces-:(sn8- i 1 require more energy than others can lead togreater understanding of why the fuel alter-

natives differ it cost. It can also facili-
tate the assessment of the total energy-ii intensiveness of a given aircraft and fuel

-[ combination to aid in complying with recent

Dull guideli.nes that require considering energy
E, I.(, "effectiveness as well as cost effectiveness in

1-Mo.1 11A11~ ITI~ 00-1 qvaluating future weapon systems 11611321.V---'AJL$WTF'inally, it seemed prudent to identify the

total energy requirements that particular fuel
aiterutativoq would impose on the nation's

hh . A F energy resource base, since the Air Force mustF" ~ i scompete for these suppli.r with many other
MfAl IUtCIP users In the marketplace. -

u-- jov to measure the enerpy requirements for fuel
- production and distribution, we developed

representative fuel supply systems that use
Fig. 2-.Overview of Fuel Supply Processes surface-mined coal from Wyoming as an energy

source to produce jet fuel for a West Ccast
air bas(. 1 The numbers enclosed by dashed

Fig. 2, the present and foreseeable technology lides above the elements of the fuel supply
for converting these resources into jet fuels systems in Fig. 3 trace the flow of resource
of interest, and the evolving energy R&D tech- energy (energy derived from the primary
nologies being emphasized in the United States resource--coal) from extraction to ultimate
today, one can pragmatically conclude that distribution. Liquid hydrogen production

coal and oil shale are the most attractive requires 289 Btu of coal resource energy to
resource alternatives to crude oil for Jet produce 100 Btu of liquid hydrogen and 35 Btu
fuel production between now and the end of the of useful by-products. Of course, fuel pro-

century. duction also requires other energy to fuel the
diesel train, build the facilities, generate
electricity for liquefaction, etc. We show

COMPARISON OF ATEWATIVES this process energy below the elements of the
fuel supply system. The liquid hydrogen
supply system requires an extremely large

To narrow the list of fuel candidates, we used process-energy expenditure to generate the
a screening process that evaluated the diffi- electricity to liquefy the gaseous hydrogen
culties in synthesizing the fuels, the compar- and render it suitable for storage. In fact,
ative physical properties of the fuels In the the process energy required Is roughly equiva-

context of aviation applications, and the per- lent to the energy content of the gaseous
formance of airplanes fueled by the various hydrogen entering the liquefa.tion plant. As

alternativeb 181171. As a result of this a result, about 3.2 Btu of energy must he 41
- exercise, we eliminated such candidates as input for every Btu of .iquid hydrogen and by-

aonia, ethanol, methanol, etc., and con- products output. Thus, liquid hydrogen pro-
cluded that two cryogenic fuels, liquid hydro- duction uses significantly more energy than

gen and liquid methane, and-a synthetic hydro- today's crude-oil supply system, which
carbon jet fuel (or sv '.hetic JP, to use a requires about 1.2 Btu of energy input for
common military deal .clon) held the most "every Btu of refined products output. We
promise as Jet fue" s zernatives derivable shall see later how the energy-intensiveness

from coal. We then compared these three alter- of hydrogen liquefaction contributes signifi-
natives In terms of the energy requirements to cantly to the cost of liquid hydrogen.
produce, distribute, and store the fuels, the
costs associated with such fuel 3upply proces- -Methane liquefaction requires only about 10 to
so, the rvmtorce requirements, and sone of the -1.5 percent of the electric power required for -!

E21Vt1',tIcnVW1t41 tiaint,. Wo hhlig811ht holov som hydrogen liquefaction 1291. Because the scale -
ot the more rleuvant enurgy and co1 A1peecs of electricity required is sufficiently low as
of that analysis, to not preclude on-site power generation,

tethane liquc.fa'tlon pla-ts typically use part
of the gaseous methane entering. th. plant to

Energy generate electric1,
ve; hence, with renource -k

energy (the gaseoun -. thane) supplying the
energy for liquefaction, the process energy

Several factora motivated our consideration of shown in Fig. 3 for methane liquefaction
the .nergv expenditures required for fuel reflects only the energy required to build the
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.. Fig. 3--Energy Needed to Produce Alternative Jet Fuels

facility [7][29][21]. The energy accounting hydrogen-fueled aircraft mkgh . use less total
jindicates that 1.9 Btu of energy must be input energy than the other alternatives. The

for every Btu of liquid methane and by-products results indicated that for a broad class of

output, military missions, the large energy expendi-

tures associated with liquid hydrogen produc-
In absolute term, synthetic JP production tion and distribution more than offset the

r~quires more coal-reuource energy than the lovmer on-board energy consuizton of a sub-
othe t~ alerntivs, not because the pro- sonic lqi-yrgntasotarrf 1]

tesisls efcinbut because the re- In an energy context, tbe synthetic-JP-fueled
fiey r~eis esthan one-half of every aircraft proved more energy effective than
bare o calsycrdeto a refined jet fuel; the other two alternatives for almost all the
mos o te em~nngoutput is motor gasoline, missions considered. s We con conclude from
Fiue3idctsacomparatively large this energy assessment that compared to the

prcsseeryrequirement for syncrude refin- crude oil supply syctem, the synthetic JP

in, hih efecs hehydrogen treatment the alternative does not represent a means to save
coa sncud mstundergo to lover its chafrc- energy, although it does represent a possible

teristically high aromatic content., as well as means to save crude oil by using an alterna-
some hydrocracking of heavier distillate frac- tire energy resource.
tiona that maxizizes the output of jet fuel.
Reducing the yield of Jet fuel would reduce
energy requiremnts. Overall, the synthetic Costs
JP process requires that 1.7 Dtu of energy be
input for every Btu of synthetic JP and by-
products output. Any absolute economic assessment of alterna-

tive jet fuel costs must remain omewht spec-

W/e have also uade some plausible, but optimise- ulative unitil operating experience is accumu-
tic, estimates of possible future improvements lated with large synthetic fuel demonstration
in these fuel supply system to arrive at the plants. At this writing, any such plants
energy ratios shown on the- right in Fig. 3. would appear to be at least three to five
W/e deliberat,ly assembled this rather optimis- years away from operation. Nonetheless,* by
tic set of estimesu to test the hypothesis making consistent assumptions about the supply

~. thaC the characterstcally lighter lquitd- system of the three fuel alternatives, e can
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gain some insights about the relative costs of consequence, fuel costs could very well reach

producing and delivering the fuels. While we or exceed the values shown in the box in
originally expressed the cost analysis on a Fig. 4. We can conclude from this assessment
1974 do'lar basis, we will translate the more that in a relative sense, synthetic JP would
relevant results to a 1978 dollar basis at the cost significantly less than liquid hydrogen,
conclusion of the assessment. and'modestly less than liquid methane. The

fuel cost sensitivities to resource costs,

We developed average fuel costs for the produc- financing assumptions, and plant costs shown
tion and delivery of the fuels to a group of in Figs. 5 and 6 also indicate that liquid
air bases, assuming a mix of underground-mined hydrogen costs are generally more sensitive
coal from the east and surface-mined coal from to unfavorable changes in the parameters
the west having an average price of about $9.64 because of the less-efficient production and
per ton, or 54c per million Btu. Table 1 distribution system.

indicates the capital cost of the energy-con-
version facilities per daily million Btu of The dramatic differences in peacetime and war-
fuel prodi'is, including a 28 percent "owner- time jet fuel demands-by the military (e.g.,
ship" cost over and above the basic plant- consumption changes of 100 to 300 percent)
Investment to cover interest during construc- could also pose a serious problem for the par-
tion, working capital, start-up capital, etc. ticularly capital-intensive hydrogen lique-
Because of the capital-intensiveness of these faction process. Unless a large market of
facilities, the method of financing has a interruptible users could be developed to use
strong influence on fuel costs. the excess liquid hydrogen plant capacity

during peacetime, the liquefaction facility
owner would have to raise fuel prices appre-

Table 1 ciably to cover his large fixed costs. In
-I, other words, there could be a large cost

CAPITAl. COSTS penalty for underutilizing the system [81.
The synthetic JP option has the apperent
advantage of having a refinery product slate

Capital Cost more amenable to assimilation into existing
Energy per Daily Million Stu petroleum markets during peacetime.

Conversion of Fuel Products

acflcy (1974 $/106 Btu) A mission analysis of airplanes fueled by
these three alternatives indicated that for a
broad class of present and future mission

Coal liquefaction 1690 applications, the synthetic-IP-fueled aircraft
Syncrude refinery 490 proved significantly more cost effective than
Coal gasification to the other alternatives, for fuel costs in the

hydrogen 2590 range of those cited in Fig. 4 [17]. It would
Hydrogen liquefaction 2520 seem that only major reductions in the costs
Coal gasification to of liquefying gaseous hydrogen would improve

methane 1730 tha relative attractiveness of liquid hydrogen

Methane liquefaction 340 airplanes.

,Hoving from relative comparisons of the fuel

alternatives to absolute comparisons with
Figure 4 identifies the major cost categories present petroleum'market conditions entails
for energy conversion, including the fixed considerable uncertainty, but nonetheless we
(capital charges), operating (recurring labor will do so to illustrate the presently un-
costa,,property taxes, -w materials, etc.), favorable economics of the synthetic JP al- Z_
and energy costs. Not the large contribution ternative. Depending on the financing, tle
of liquefaction electrizity to liquid hydrogen synthetic JP cost in our example ranges from
costs. If we apply credits for the by- 37c to 45C per gallon in 1974 terms, or con-
products, particularly the large gasoline by- verting to 1978 terms, about 45e to 58c per
product credit, we obtain costs of $8.20, gallon [6115]. As indicated in Fig. 4, as of
$3.56, and $2.91 per million Btu for the liquid October 1977, the Air Force was paying the
hydrogen, liquid methane, and synthetic JP, Defense Fuel Supply Center 424 per gallon for
respectively. These costs ass e Industrial its JP-4 fuel, considerably less than the cost
financing that yields n 10 percent discounted of a synthetic JP fuel [3]. Other analyses
cal flow return-on-Inveatment after taxes. using alternative assumptions about coal con-
Some have ,;uggented that Investors may very version technology, coal coats. and financing
wall demand rturn,; of 15 percent or more yield e generally broad range of a -- thetic JIP
because of the risks involved, and as a means cost estimates, but virtually all of these

I j to generate the equity for the rapid bui ld-up analyses indicate that synthetic JP from coal
-i f a syntherke fuelsn Induntry (25). AR A would not be competitive uinder p.resent market
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conditions (24). The risks posed by these ut,- The uncertainties seem to dictate a para-
favorable economics, as well as the uncertain metric approach to define fuel charac eristics
pricing basis of world oil, have tended to and the associated refinery process r."uire-
inhibit private industry from aggressively ments. In other words, an R&D program s,'uc-
pursuing the synthetic fuel option without tured to gain information about the spectrum
government assiwance of some form. of possible outcomes that might result from

the present uncertain energy situation seems
preferable to making an early commitment for

RESEARCH AND DEVELOPMENT EMPLSIS a particular resource and fuel type. Such an -
R&D approach should place the military in

a good position to exercise the synthetic JP

While the present world oil price does not fuel option when these fuels enter the market-
make synthetic JP an attractive alternative -,ace as alternatives to petroleum fuels.
in today's environment, the long ler.d times
needed Zo introduce new propulsioi; tech-
nologlet. -ot or less require that rhe FOOTNOIE:|
military participate in synthetic-fuels-
related research today in order tobe in a
position to choose the most cost-effective ZThis paper has been prepared for presents-

synthetic JP fuel option at some future tion at the Seventh Annual DoD Procurement/
date. For :he military aircraft user and Acquisition Research Symposium, May 31-June 2, N
developer, the primary issue concernn 1978, at Hershey, Pennsylvania. The views
defining the proper technical and economic expressed in this paper are the author's own

tradeoffs between engine technology and and are not necessarily shared by The Rand
fuel processing at the refinery. Corporation or its research sponsors. The

paper is based on research fully reported in
Coal-derived fuels have characteristics :hat 18] and (17].
crn cause problems In jet engines. Their 2 X
generally high aromatic content, or con- 

2Crude oil and natural gas estimates include 1
versely, low hydrogen content, aubstantially identified resources and estimated undis-
contributes to combustion problems. Coal- covered resources recoverable with current
derived fuels generally have higher freezing technology (unshaded area). The shaded area
points, and when burred in jet engines, refers to additional resources that might be
generase more smoke and increase combustor recovered with enhanced recovery techniques.
liner temperatures and infrared signatures. The oil-shale estimate (unshaded) includes
They have poorer thermal stability proper- 25 to 100 gallon per ton identified recover-
tieq than petroleum fuels and pose some able deposits in the Green 1.ver Formation._.
compatihiity problems with elastomeric The shaded area indicates potentially re-
seals. But research already under way has coverable 10 to 25 gallon per ton deposits in
demonstrated that improvements in combustor the same formation, which would require ii
and fuel system technology can help deal with development of new recovery techniques. The
many of rhese problems (13]. On the other lowest coal estimate includes recoverable

hand, at sore additional cost in energy and measured and indicated resources. The highestI
dollars, refiners can hydrotreat coal liquids coal estimate includes recoverable measured,
to reduce their aromatic content. Tradeoff indicated, inferred, and hypothetical

J cpportunIries also exist to deal with the resources.
characterisiically high nitrogen content
of shale liquids 114]. But the refinery- Nwe used a variety of sources to assemble the
engine tradeoff interface has not yet been operating characteristics and costs for the
defined to a level of recision that could elements of the energy distribution and con-
support major develo, ant decisions. version systems (15](1911201[9)[27][2](10)[(21l[(31][11l2e1[1.

Indeed, the considerable uncertainties 
about 2 1

synthetil JP fuel supply and utilization +Observe, however, that if coal Is used to
systems argue for a cautious and flexible generate the ele4tricity for hydrogen Uque-
R&D approach by the military. !he pace and faction, the liquid hydrogen supply process
extent of oil shale and coal resource requires about as much coal as the synthetic
developtent remain uncertain. The idtntf- JP alternative while delivering about half as
fication of the preferred fuel-converslon much energy.
technologies and their econonics have yet to
be defined. We stili have much to learn Our energy and cost analyses did not consider

about the effects of synthetic JP fuels hypersonic aircraft applications .,. which the
on treraft engines and fuel oystems. cryogenic properties of hydrogen or methana -
Specificntinne for future jet fuela are fouls night facilitate innovative aircraft

still hetg discusned and debated, design concepts.
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AN ANALYSIS OF THE NEGOTIATED COMPONENT OF FEDERAL PROCUREMENT

Alvin W. Platt
Myron G. Myers

Logistics Management Institute

IMPORTANCE OF THIS RESEARCH (3) Standard Goods.

(4) Service type performance (such as
Abnormal conditions or forces sometime preclude A&E services).
the setting of the price of particular goods or
services through normal operation of the eco- c. Does the supply side responding to the
nomic marketplace. This situation is known as Federal negotiated procurement demand show any
a "market failure." If the government inter- special trends or concentrations, such as:
cedes and establishes regulatory policy to cor-
rect such market failure, then the affected (1) Dominance by individual firms, or
part of the economic system becomes part of the groups of firms.ii "~regulated" sector. Federal government pur- J

chases in Which price cannot be determined (2) Correlation with SIC industrial
independently by competitive forces in the sectors.
marketplace are classified as "negotiated pro-
curements." Thus, such negotiated procurements d. What patterns are apparent from a cross-
can be regatrded as composing a regulated sector sectional analysis by Federal agencies for the
of the economy. A better understanding of the above stratifications?
nature of this regulated sector is required in
order to allow proper formulation/modification
of policy governing these procurements. BACKGROUND

This paper will reflect findings from research
on the composition of the negotiated component Total Federal procurement expenditures currently
of total Federal procurement expenditures, approximate $50B annually. In FY-76, the amount

was $54B, of which $46B was classified as "nego-
tiated." The Department of Defense accounts for

CONTENT OF PROPOSEho RESEARCH PAPER approximately 75% of negotiated expenditures, but
other agencies also expend significant amounts
using the negotiated procurement method.

This proposed paper will document research A
findings related to analysis of Federal nego-
tiated procurement. Research findings to be
incorporated will attempt to answer the fol-
lowing questions:

a. What is the composition of total Federal
negotiated procurement stratified into the fol-
lowing categories:

(1) Small Business Set-asides.

(2) Labor Surplus Set-asides.

(3) Competitive Negotiated.

(4) Sole Source - Standard Goods.

(5) Sole Source - Non-standard Goods.

(6) Small purchase ($lOK or below).

b. What is the composition of total Federal
negotiated procurement in terms of classes of
goods involved, stratified by such categories
as:

(1) SIC codes.

(2) Major systems.
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A METHIOD OF ASSESSING THlE TECHlNICAL AND 1NNOVATI , 12
CAPABILITIES O SMALL BUSINESSES*

Eliezer Geisler, Assistant P,ofessor,
Department of Business and Management, Northeastern Illinois University

Albert H. Rubenstein, Professor
Department of Industrial Engineering and Management Sciences, Northwestern University,

and President, IASTA, Inc.
Charles W. N. Thompson, Professor

Department of Industrial Engineering and Managef.ent Sciences, Northwestern University

ABSTRACT expression of many of the kinds of qualitL-s
tha. have bilt this country. Traditionally,
many small businesses - some as small as an

This study proposes a comprehensive set of individual inventor and hi: assistant (fre-
indicators wh e "irpose is to neasure quently his wife or other memberi of his
selected dimensions of the research, develop- family) - have provided new products, processes,
ment, and innovative capabilities of small services, methods of merchandising, and other
businesses. Over 70 indicators are suggested, itinovative approaches to business. Many of
grouped in four categories: 1) resources, the devices and systems in common use origi-
2) structure and organization, 3) administra- nated from individual Inventors or small firms
tive ane legal aspects and 4) outputs. These which either employed inventors or were formed
indicators resulted from an extensive survey to exploit inventions.
of the literature and the authors' experience
extending over a period of 25 years in the In the current era of large-scale R&D
field of R&D/Innovation management. Alt ough (Research and Development) which is dominated,
many mensurement problems still remain unsolv- at least quantitatively, by giant firms, the
ed, this stuoy is a preliminary attempt to role of small firms in the overall R&D/Innova-
gather and to form a unified body of indica- tion process has been questioned in terms tf
tnes of small business R&D capabilities, until potentially unused or unexploited R&D capa-n;n: scattered through different sources. The bility. There has been, for some time, a '

po.enctal set of indicators emphasizes many feeling among some observers that small firms
specific capabilities that are required or do not get thatr "fair share" of government
desired by federal agencies as part of their R&D cortracts and grants. This concern is
RDT&E procurement process, reflected in the "set aside" provisions which

are prrt of the authorization acts and regu-
lations of a number of federal agencies.

INTRODUCTION Another side of the issue, however, is the
belief that there is a significant reservoir

of unvsed or unrecognized R&D and related
There has always been high interesr in the technical skills and capabilities among the
role of small business in the U.S. economy small firms of this country.
and society as an eqsential element in the )health and growth of the country. This The purpose of this paper is to propose a .

interest has been manifested by the history of candidate set of factors and indicators which
legislation favoring or protecting small bus- may be used to assess the R&D and technical
inesses and the financial institutions that capabilities of small firms. They will have
serve them, such as the Small Business Invest- to be subjected to thorough pilot testing
menc Companies which Congress mandated almost before they can serve on a routine basis.two decades ngo. '

fn addition to their geteral role in providing DERFINITION OF RESEARCH AND DEVELOPMENT
employment, diversity, income and stability
to the economies of various states and regions,
small businesses are also viewed as a source This issue poses a major dilemma in the specl-
of entrepreneurial energy, ideas, new products, fic case of small businesses. In its annual
risk-t.king, and managerial talent, and aurveys of i6dustrial R&D, the National Science

Foundation has used, over many years, the
following definition of R&D (1): a

*This study was supported by the National Research and developmenL tnclud's basic
Science Foundation. Purchose Order No. a pesearch in hesciencand applied research in. the sciences 4'
77-511-6999 o interrationial Applied Science and in engineering, and de.ign and
enild ro.insilogy Asso hatus (IASTA. Inc.). development of prototypes and processes

...... it includes such activitie-
whether asoigned to separate research
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and development organizational units duction or marketing people, or a general
of the company or carried on by corn- purpose "chief engineer" (with or without
pany laboratories and technical groups assistants) often performs the whole spectrum
not part of a research and development of R&D/Innovation activities in a relatively
organization, undifferentiated manner. This undifferen-

tiated manner can be described as "doing
This definition has been accepted fairly what is necessary and feasible to get Vi~e
generally as a useful definition of R&D which product out the door, keep the factory
allows for feasible identification and running, keep the customers happy, or keep
measurement. We have commented elsewhere(2) the regulators off our back."
on the limitations which this definition
imposeA on our ability to fully assess the For many small businesses, a major share of
total R&D/Innovation capacity of the U.S. the so-called R&D is done for them by custo-
and other countries or even the full R&D mers, suppliers, competitors, or people who
capabilities of firms, parts of which are not sell know-how and technical information.
included in the activities delimited as "R&D." There is still, however, a need for applica-
That issue remains as a limitation on any tion of the knowledge attained from outside
survey data for the entire R&D capability of and adaptation of the product, process,
the industrial sector, but it is of vital materials, or service to the particular con-
importance to any assessment of the total ditions of the firm.
R&D/Innovation capability of the small business
sub-sector of the industrial sector.

ASSESSING THE RD/TEZHNICAL CAPABILITIES
OF SMALL BUSINLSSES

R&D IN THE SMALL FIRM

The factors and indicators suggested by our
R&D and related activities in large and very study are considered important for the conduct
large firms, as well as many medium-size oneF, of R&D-related activities in the small firm
are typically organized into forral depart- and cover many A-pects of such activities.
ments with budgets, staffs, and names such as:
corporate research, divisional engineering, The 19 factors are organized in 4 categoriesproduct development, R&D, advanced development, or groups, and over 70 illustrative indicators
product engineering, process engineering, are proposed as potential measures of the
process development, divisional laboratory, factors.
central laboratory, quality assurance, market
research, tool engineering, process control,
customer service, etc., etc. These formal DEFINITION OF TIHE GROUPS
activities are fairly easy to identify in
terms of size (number of people and/or budget),
location, assigned duties or objectives, facil- Group I - Resources-Inputs: refers to the
ities, and other formal characteristics. This existencs. or human, financial,
enables them to be included or excluded from a•erinistretive and facilities
trb periodic surveys conducted by NSF and resources in the small busit.ess
others (e.g., several trade publications and related to R&D activities.
research institutes which also make periodic
R&D surveys). Group II- Structure and Irganization: refers

to selected charact istics of small
In the case of smill and very small busineases. firms, their R&D activities and
however, the identification and measurement of attributes of the type, volume.
R&D capability is typically a very different sources and performance ol su-h
matter. Few small businesseq have formal activities.
departments for all of the technical functions
they actually perform as part of the R&D/Inno- Group III- Administrative and Leal Aspects.
vation process or even the R&D part of that refers to the .*xtent of administre-process. Many of them do not have any tive capabilities needed to perfore,
formally-designated departments or laboratories c.ntracted R&D, and the legal pro-
with exclusive missions as defined by the blemv affecting R&D potential of the
titles of larger-company activities. In the sm:ll firms.
extreme, the lone technical entrepreneur per-
forms all or many of these functions himself, Group IV- Outn uts: refers to the types, qa-
sometimes with the aid of an "assistant" or lity, and reliability of technical
with occasional help from outside consultants outputs produced by the small firm.
and service organizations.

A sumry of the factors and their illustra-
For larger small businesses, with some more tive indicators is given in Figure 1 below,

.- structure and technical capability, the pro-
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CONCLUSIONS

The factors and indicators for assessing the
R&D/Innovation capabilities of the small firm
represent an extensive list which may be used
by small businessmen and R&D grantors as a

general reference in the analysis of such

capabilities. Severe methodological problems

still remain it terms of data collection and
analysis of many indicators. This study was,
however, a first attempt at organizing a
possible set of factors for uncovering the
hidden R&D/Innovation potential of small bus-
inesses.
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FIGURE 1

SUMMARY OF FACTORS AND ILLUSTRATIVE INDICATORS

GROUP I: RESOURCES - INPUfS

Factors* Illustrative Indicators: Factors: Illustrative Indicators:

1. Human 1.1 Number of scientists and 5. Financial 5.1 Expenditures for R&D
,e-asnrces engineers (FEE) Resources 5.2 Financial ratios

1.2 Number of technicians in- and 5.2.1 R&D expenditures per
volved in R&D (FTE) Financial net sales

1.3 Distribution of profession- Stability 5.2.2 Leverage ratios
al specialiots/disciplin~s 5.2.3 R&D expenditures per -

1.4 Distribution of technical operating costs
skills of technicians 5.2.4 R&D expenditures per

1.5 Average experience (years) scientist/engineer
of key technical personuel 5.3 Distribution of sources of

2. Stability 2.1 R :e of turnover of key R&D funds (government,

of technical persornel industry, company)
on 2.Av perag s oin lry qualitative '_j

Personnel 2.2 Average starting salary 5.4 Expenditures for R&D by _V
of kby tec.nical personnel

2.3 Sources of recruitment of
key technical personnel 6. Facilities 6.1 Expenditures for technical

sand equipment and instruments
oarketig 3.1 Aware s Equipment 6.2 Rate of replacement of tech- Z

sophisti- bid procedures
nical equipment and instru-

tlon 3.2 Awareness of specific mentetionRFPs 
metaio

.Nr 6.3 Distribution of means of

3.3 Number e'f government bidsobangeqpen di-
made per time period obtaining equipmetc and in-

3 4 Numbar of complaints filed struments by source of funds
by nmnll buntna wit(e g.. loans, rental, pur-

4111 ollr buvess wt h SA chase with company funds)

rios (rolAtod to 811'a In- I~
ability Lo compae for bids)
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GROUP I: RESOURCES - INPUTS (continued)

3.5 Number of RFPs reviewed 6.4 Distributon of equipment and
by small firms per time facilities by categories
period (e.g., physical space, compu-

3.6 Number of advertisements tational facilities, security
in trade magazines controls)

3.7 Participation in trade
shows

4. Technical 4.1 Types and num!,er of tech-

Informa- nical publications to

tion which the small firm sub-
scribes A

4.2 Number of requests for
technical information made
by firm's technical per-
sonnel to information

__sources

GROUP II: STRUCTURE AND ORGANIZATION

Factors: Illustrative Indicators: Factors: Illustrative Indicators:

I. Firm and 1.1 Size of firm (by number 4. Technical 4.1 Number of )ears of R&D per-

Industry of employees and net and R&D formance
Structure sales) Tradition 4.2 Average dollar size of prime

1.2 Geographical location of R&D contracts, by contracting
firm agency or company

1.3 Years in business 4.3 Use of outside sources (uni-

1.4 Type of organization versities, R&D labs, consul-
(e.g., partnership, sole tants) in the performance of

proprietorship, corpora- R&D activities
tion) 4.4 Number of unsolicited propo-

1.5 Major markets served (e.g., sals put out by firm for R&D
consumer/industrial/govern- procurement
ment) by sales 5. Uncertain- 5.! Percentage of projects/bids

1.6 Major activities/product ty/Risk of rejected by firm due to risk
lines (e.g., product/ R&D Activi- content, by type of R&D V
service) ties (refers to bids the firm was

1.7 Proximity to research labs/ aware of and able to under-

universities/ major indus- take)
trial complexes 5.2 Percentage of companies which

1.8 Product difterentiation: do not bid for R&D projects
number of different products/ due to risk factors (refers
services of the firm to companies ;ho might have

2. Depen- 2.1 Concentration of oales R&D capabilities)
dence to single client 6. Perfor- 6.1 Percentage of R&D contracts

on Major 2.2 Concentration of R&D effort mance on with on-time performance
Industries performed for single client Contracts 6.2 Percentage of R&D contracts

2.3 Concentration of resources with on-budget performance

acquisitions from single 6.3 Percentage of R&D contracts
supplier with on-specifications per-

3. R&D Acti- 3.1 Types of R&D performed formance
vities (e.g., research, develop- 7. Degree of 7.1 Share of market

ment, testing) Competition 7.2 Average number of firms bid-
3.2 Expenditures by type of R&D ding for government contracts

performed with same major product/ser-
3.3 Ratio of R&D in-house/con- vice/skills

tracted to outside entities
3.4 Distribution of organizations

to which the firms contract
R&D, by sector and size

3.5 Number of joint ventures with
other small firms to perform
R&D/by source of procurement

(government, industry)
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CROIIP Il: Ai*ItNISTRAr VE AND LE_;AL ASPECTS

actors: IIIustrative ILndicatorls

1. proprietary I., Percentage of government

Rights R&D bids rejected due to

problems with proprietary

r ights

1.2 Awareness of le;al aspects

of government R&D procure-

ment
1.3 Use of legal assistance in

contacts with gcvernment

procurement agencies and

industrial firms

2. Admini re 2.1 Percentage of firms which

tive C..pa- have formal accounting

bilities and reporting personnel

2.2 Percentage of firms which

have security clearance

for government contracts

GROUP IV: OTWPUTS

Factors: illustrative Indicators:

1. Quality and 1.1 Expenditures for quality

Reliability control, by product line

of Output! 1.2 Company's reputation for

mak'ng adjustments

1.3 Records of unsatisfactory

materials, including

returns

2. Types of 2.1 Distribution of R&D out-

Outputs puts (e.g.. tests, product

improvement)
2.2 Number of patents pto-

duced
2.3 Number of innovations pro-

duced
2.4 Number of scientific and

technicel publications by

key technical personnel

2.5 Number of new products

developed by the firm

3. Outputs 3.1 Types and percentage of

Benefits/ R&D outputs used internally

Contribu- in the firmAltions 3.2 Income to firm from patents
3.3 in ne to firm from sale of

R related products and
se v ces 

'

4. Clients 4,1 Distribution of firm's R&D

clients
4.2 Opinions of firm managorept

and key technical people on

potential R&D clients

4.3 Opinions of selected clients

on nontribution to them from

Hb nrrputs of sisill firm
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BARRIERS TO EFFECTIVE COMMUNICATION IN AFSC SUBCONTRACT MANAGEMENT

Mark Siefert, Air Comand and Staff College

Introduction whic-h provent ly Inhibitt 1ood commnni-
cant:ion. Tho undko1tyint %onnom, for

Surveillance of the prime contrac- choosing this objective is to onhance
tor's subcontract activities has been a the effectiveness of the AFSC SM pro-
problem for the Air Force and Depart- cess and therefore provide the most
ment of Defense since prime/subcontrac- cost-effective support for our devel-
tor arrangements have been in existence. oping programs.
Some authorities believe this problem
stems from the privity of contracts Study Hypotheses
principle, which prohibit3 the govern-
ment from directly intera-iting with the The following three hypotheses
subcontractor. Others believe it has will be used to test the validity of
been our direct engagement with the the problem statement. The findings
subcontractor which has caused many of and conclusions of each hypotheses
the problems we face today. Whatever will result in the retention or rejec-
the reason, today's system program tion of an hypothesis. Hypotheses
director (SPD) faces the challenge of which are retained will substantiate
performing surveillance over critical the existence of the proposed problem
subcontracts and components to prevent statement.
or curtail problems which lead to cost
and schedule growth on the program. 1. There exist varying per-
The systems program office (SPO), con- ceptions by the SPO and APPRO concern-
tract administration services (CAS), ing what should be emphasized in the
and industry must exercise subcontract area of subcontract management and how
management (SM) efficiently to insure it should accomplished. This condi-
that the large number of program dol- tion has led to a gradual erosion of
lars flowing to the subcontractors is direct program support in the subcon-
used to the maximum to support weapon tract management area.
systems development.

2. There is within the Com-
Problem mand a poor understanding by the pro-

gram offices of what SM support should
Primarily through the effort of Ilq be provided by the AFPRO during tho

AF Contract Management Division (APCMD), contract administration portion of the
extensive progress has been made in the weapon systems acquisition process.
effectiveness of Air Force Systems Com-
mand (AFSC) subcontract management. 3. There has been a loss of
This is especially true of cost-reim- subcontract management corporate mem-
bursement and incentive contracts ory throughout the Command. Accord-
during the Demonstration/Validation and ingly, we are not maximizing our past
Full-Scale Engineering Development SM experiences.
phases of the weapon systems acquisi-
tion process. However, recent indivi- Review
dual and team studies indicate that
AFSC elements still have significant As a result of an AFSC subcontract

difficulty in communicating their need management study in 1972, the Commandfor subcontract management support. began to actively pursue visibility
After five years of concentrated effort into subcontract operations. Hq AFSC
within AFSC, the key organizations of issued policy guidance which directed
effective AFSC SM surveillance, the SPO greater involvement by the buying
and Air Force Plant Representative organizations and plant representative
Office (AFPRO), are still not operating offices in subcontracting operations.
on the same frequency. However, the After several years of deliberations
communication gap is not restricted to and discussions with DOD and the Armed
these organizations, but is Command- Services Procurement Regulation Com-
wide. mittee, AFSC published revised guid-

ance as an APSC Supplement to ASPR
Objective 23-5000, titled Subcontract Managemen

AFSC ASPR Supp 23-5000, dated 7 August
The objective of the study is to 1975, set forth the policy for AFSC

identify communication barriers in the program office surveillance of a prime
subcontract management area within all contractor's subcontract management
of AFSC and focus on several issues system. Also, 23-5000 established

the requirement for prime contractors Z
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to submit a subcontract management plan to v'olving subcontract management
in response to requests for proposal problems in the prime's procurement
for all major acquisiti;on systems. At system. The problems of the indivi-
a minimum the SM plan would include a dual subcontracts would be left to the A
list of critical subcontracted items, ACe and the program office to resolve.
reference to a proposed make or buy
plan, a description of the procurement With the establishment of the new
planning policies, and a description of A 'CMD organization and the publication
the program management organization of the AFSC ASPR Supplement for sub-
which would implement and maintain sur- contract management, the AP began to
veillance over critical. -ubcontracts. penezrate the prime's subcontract sur-

veillance proc-ess. Government offi-
With the advent of the new AFSC ciaIs would now be more aware of the

supplement, the AF becamG drawn into prime's actions with his subcontrac-
(or draw itself into) the subcontract- tors and %,ould continually review the
ing arena. Now, the prime contractor prime's procurement system.
was contri :, ially bound to provide the
contracting officer into the subcon- During 1976, several independent
tract management process. As a result, studies were conducted in the contract

4the contractual authority for the AF administration area which took a hard
was to become more aware, and active if look at SM. The first was the DOD
necessary, in this process. At the study, Project FORWARD LOOK, which
same time, tne subcontract management attempted to forecast oper ttion and
plan and subcontract management clauses resouirce requirements needed to accom-
served to notify the contractor that plish the CAS mission in the face of
"he AF was becoming very serious about an ever-changing procurement environ-
insuring that contractors are controlling sub. ment and declining resouirces. The
contract costs on major programs. principle objective of the study was

to develop improved contracc adminis-
An outgrowth of the AFSC interest tration procedures that would optimize

in this area was a study conducted by manpower resources for performing
AFC14D to determine how the Command essential CAS tasks. -
could improve subcontract surveillance.
AFCMD would also assess the extend of Since subcontract management per-
and exercise influence over subcontract tions of the CAS functional disci-
and overhead costs in the development plines were not separated in the user
of weapon systems. The study resulted satisfaction survey from the actions
in d(--_lopment of the following changes: paramount to the prime contracuor, it

is difficult to draw positive conclu-
1. A Directorate of Subcon- sions about SM surveillance. However,

tract Management at Hq AFCMD was estab- the report showed a substantial dif- T
lished to centralize all tasks related ference in the level of satisfaction
to subcontract management. Similar bet.ween the various functional areas
organizations were established at the which affect subcontracts. Also
AFPPOs with the necessary organiza- reflected in the survey was a higher
tional structure, resources, and exper- degree of satisfaction in the area of
tise to apply, when necessary, the systems review than in the area of

14"clout" to the prime contractor, in the direct support to the program offices.
Smanagement of his sti~contractors. The
SAFPRO/SM Division was to be responsible A second study-was conducted by

for assuring that ti contractor com- AFCMD, titled Prioritization of Con-
plies with public . .w, prime contract t~fact f nagement Tasks. The objective

:. terms, and sound business practices. of the study was primarily to assist
To this end, the ArPRO/SM Division AFCM4D managers at all levels in prior-

Swould usa a formalized systems approach itizing their work and allocating Com-
Sto management in the subcontract area. mand resources. The SM results of the
4 (1:30) study were as follows:
iUp to that point, the entire SM 1. There was substantial dis-

approach was geared toward getting a agreement between the AFPROs and AFCMD
systems evaluation function estab- on what should be emphasized in Sm:.A
lished and operating. There was little

Semphasis on providing direct support or 2. In all cases excc,,c SM,
assintance for individual subcontracts there was significant agreement on the
in suipport of the program office. The priority of the AFPRO tasks between

Areasoning apparently was to develop a the AFPROs and ths SPOs. In the SM
preventive approach (versus reactive) area many specifics were cited, but in
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general, disagreements ste.med from Before discussion of the changes
differences in perspective. At the which are occurring, we need to under-

E direction of Hq AFCMD, the AFPRO/SM stand how AFCMD accomplishes the sub-
divisions employ a "systems-oriented" contract management task today through
management concept while the SPOs are the Contractor Management System Evalu-
more "operations-oriented." SPOs are ation Program. (CMSEP). This program is
more interested in the tasks that con- the core management tool for all of
corn direct support to the program AFCMD operations. The SM portion of
office. (2:86-7) the program provides the Ar the ability

to continually evaluate the contrac-
In all, the AFCMD study presented tor's management of his procurement

a rather unfavorable picture concerning process from the receipt of the request
the health of subcontract management, for proposal for the prime contract all
both within AECMD and between AFCMD and the way through to the closeout of the
the product divisions. subcontracts, The AFPRO/SM staff con-

ducts periodic reviews of key elements
At the direction of the Commander, of the contractor's procurement systen

AFSC, a third major study was conducted throughout the year. These periodic
in 1976 by the AFSC Program Management reviewc form the basis for recommending
Assistance Group (PMAG) to find ways to approval or withholding approval of the
improve SPO/AFPRO teamwork effective- procurement system by the Principal
ness in AFSC system acquisition. The Administrative Contractinq Officer.
PMAG concluded that the AFSC, as a When deficiencies are found in the pro-whole, and Acquisition (Product) divi- curement system, they are reported to
sions in particular, have a tendancy the Air Force Plant Representative
to regard the Contract Management Div!- (AFPR), who reports the findings to the
sion as a separate culture from Systems company chief operating official, the
Acquisition. This separate culture affected SPO director, and AFCMD. The
point of vie, -vs :.-sulted in etiuca- notification puts the contractor into
tional and tr .aing deficiencies for action to correct the problem and lets
both SPO and AFPRO personnel w.ich, in the SPO director know there is a prob-
turn, have resulted in an educational lem at his plant. Considerable empha-
and experience gap. This situation has sis is placed on correcting deficien-
had a major impact on SPO/AFPRO commnu- cies which could lead to management
nication, perception, and teamwork, problems and increased program costs.(3:37)

Support for the CMSE Program has
Of interest to this study are the varied widely throughout the Command.

four recommendations which addressed AF In the last few years, AFSC has sup-
subcontract management functions: (1) ported the program and encouraged
issue policy letter to require subcon- acceptance and use of C SEP reports by
tract management in Memorandums of the SPOs. However, acceptance of the
Agreement (MOAs); (2) apply resources program by the product divisions has
and emphasis early during consent deci- been slow to develop and in many cases
sion phase of prime's development of CMSEP has caused significant animosity
subcontract structure; (3) develop at the working level. Next we will
better liaison with secondary CAS orga- discuss these varying opinions.
nizations, and, (4) issue a policyletter requiring SPOs to establish or Hypothesis I
designate a focal point within the SPO

for subcontract management. (3:31) The AFCMD/SM Division was esta-
blished to place greater emphasis on

The four SM recommendations, while subcontract management and reduce defi-
only discussing a few of the existing ciencies in the prime contractor's pro-
problems, did generate further AFSC curement system, before these deficien-
Command awareness of the breadth of SM could lead to individual subcontract
communication problems. These were problems. Unfortunately, this was not
problems which ultimately affected the the approach which the system program
surveillance phase of RDT&E contracts offices %ad hoped the new organization
for multi-million dollar procurements. would take. The SPOs were looking for

greater visibility into their subcon-
The year 1976 was a banner year for tracts and greater support for the pro-

DOD and AF "reviews" in the contract gram office from the AFPRO/SM divi-
management area and more particularly sions, Hq AFCMD had directed the
the area of subcontracts. However, AFPROs to follow a contractor systems-
recommendations for improved communica- oriented approach of subcontract
tion were few, and actions even fewer, management. Individual subcontract
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problems continued to be addressed by solidly entrenched.
the SPO in concert with the ACO and
Defense Contracts Administration Ser- We will now look at what appears to
vice (DCAS) elements in or near the be a changing emphasis within AFCMD
subcontractor's plant. Also, many subcontract management. AFCMD appears
major program offices viewed subcon- to be drifting from its former staunch
tract management during this time as an approach of accomplishing nothing but
exercise in crisis management. systems evaluation to one of performing
Although many of the AFPRO members in systems evaluation and accommodating
SM saw clear advantages in assisting program office needs. This charge has
tho- SPO with its subcontractor prob- resulted in a strengthening of SM rela-
lems, they were bound by AFCMD to tionships between AFCMD and the product
emphasize systems management. Hence in di'isions. Let us now examine the evo-
1974-1975, the AFPROs were literally lution of this shift in emphasis by
c*±ught in the middle of a struggle reviewing some of the policy changes
between AFCMD and the product divi- which occurred in 1976-1977 and the
sions, vhi-> simultaneously attempting reasons for the changes.
to serv boti masters. The communica-
tion barriers in SM between AFCMD As a result of AFCMDR 70-24 and
organizations and the product divisions the Prioritization of Contract Manage-
were at their apex. There was an ment Tasks study, AFCMD/SM became
almost total lack of understanding aware that the entire SM program was
between the parties as to what the not working out as AFCMD had intended.
other was attempting to do in SM. Both the AFPROs and the SPOs were
Also, MOAs for the most part were having difficulty accepting the priori-
silent concerning SM support. This ti~s of tasks outlined in the regula-
situation was especially difficult for tion, which put program support behind
the product divisions to accept since system evaluation and literally
by its very existence, an AFPRO 4.s a directed how the APPRO subcontract
service organization, dedicated to managers would do their job. Feedback
support the new AF development program. in the SM area obtained as a result of
Yet AFPRO/SM divisions were doing what the Prioritization of Contract Manage- -

their headquarters desired at the meat Tasks study was most unfavorable.
expense of providing direct service to Likewise, Command-wide staffing of aA the SPO. proposed revision of AFCMDR 70-24 in

1976 also brought a multitude of
Between 1975 and 1977 a dichotomy recommended changes and improvements.

affecting SM appeared within the Com- (4:1) At this point AFCMD/SM recog-
U mAnd. On the one hand we saw more nized it had to make some effort to

involvement in subcontract activities bridge the communication gap with the
bv, the SPO and the contracting officer program offices.
as directed by AFSC ASPR Supp. 23-5000.
On the other hand we saw less involve- Also in 1976, AFCMD recognized that
ment by the AFPROs as directed by AFCMD the CMSE Program was maturing and that
Regulation 70-24, Subcontract Manage- the system evaluators, including SM
ment Proqram. Although not formally evaluators, were becoming more
recognized in AFSC, this dichotomy has efficient in reviewing elements of the
been a root cause in fragmenting the contractor's procurement system.
total team concept for SM. Documentation procedures and periodic

reviews were taking less time, and
With the publi-tion of the AFCMD more of the SM evaluator's time now

Prioritization of ontract Management was available to provide direct pro-
Tasks study in June 1976, the real SM gram support in concert with the ACO.
problems within AFSC came to light.
Given the opportunity to state their In July 1977, AFCMDR 70-24 was
opinions and concerns, the AFPROs and revised significantly in an attempt to
SPOs clearly showed that AFCMD/SM and eliminate the barriers between the SPO
the product divisions maintained a and AFPRO. The instructional guidance
diveegent perspective from that of and priority arrangements which
AFCMD concerning what should be done. created animosity between the APPROs
The SPOs would have to reorient their and SPOs were removed. The AFPR was
thinking and accept the AFCMD systems given the opportunity 'co become more
approach to subcontract management. active in subcontract manage- nt and

M Accordingly, the communication prob- was directed to establish his own )
lems and lack of understanding in SM priorities and procedures for SM acti-
remained. At this point in mid-1976, vities. AFCMD/SM had recognized thatwe saw the communication barriers more individualized interface with the
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program offices was reqiuired and that by other SPOs. There appears to be a
the AFPR was the key person to insure meaningful role for the product divi-
the SM interface worked effectively. sion staff in the development of MOAs,
In subcontract management, the AFPR especially in SM. Much emphasis is
could now become more accommodating to placed on program documents such as
the desires of the SPD and more sensi- Determination and Findings and Advance
tive to his needs for support. Once Procurement Plans which have much
the CMSE Program was functioning upward visibility, but little is placed
smoothly, AFCMD recognized that it on documents with lower-level involvs-
should permit its scarce SM resources ment.
to concentrate on the high priority,
critical subcontracts. The next item of concern is the

determination by the SPO of what it
Hypothesis 2 wants to be accomplished in SM during

the contract surveillance phase. My
Now let us look at some of the review of nine AFSC MOAs shows that

causes for misunderstandings between there was a lack of knowledge or desire
the SPO and AFPRO concerning what is on the part of both parties to iterate
to be accomplished in SM. We know that what was to be accomplished in SM, or
the SPO has the initial action to that the SPO even knew what it wanted.
obtain the needed subcontract visibi- In fact, four of the MOAs did not even
lity. This is where the contracts are address subcontract management. Cur-
written with the appropriate clauses rent AFSC policy states that MOAs
to insure that the contractor has a should not repeat verbatim instructions
Subcontract Management Plan and that provided in other documents such as
he interfaces with the contracting ASPR 1-406. They should, however, be
officer or his representatives. This quite specific and detailed in descrip-
part of the job is done rather well in tions of the functions, methods and
AFSC today. Where the effort begins interface details for the tasks identi-
to weaken is in the initial working. fied. The MOA should be used as the
relationships with the AFPRO. These vehicle to identify and assign surveil-

good relationships must begin long lance activities and reporting require-
before contracts are awarded or MOAs ments for the AFPRO and SPO. (5:23)
are executed. There must be an open- We are not complying with the intent
ing of the minds early in the program of this well-founded and necessary AFSC
to determine what is required during policy. Simply stated, the SPOs are
the surveillance phase. The MOA is the not putting enough words in the SM sec-
vehicle whereby the SPO makes its tion of the MOAs to clearly express to
desires known to the AFPRO. It is the the AFPRO what it is they want the
charter wherein proposed SM activity AFPRO to accomplish. If the parties to
is recorded. Unfortunately, experience the MOA cannot succinctly record what
shows numerous shortcomings in the SM is to be accomplished, there is little
appendices of MOAs. wonder that confusion and misunder-

I standing result.
It is also necessary to examine the

position of the product division in Also, personalities and experience
cementing good SM relationships early play a significant part at this junc-
in its programs. My informal survey ture. A program manager who has had
revealed there is little dialogue experience in CAS operations will be
between the product division and AFCMD much more sensitive to the AFPRO situ-
on SM support to the program offices. ation. He will know that his program
Further, the development of MOAs is is not the only one in the plant and
left strictly to the SPO and AFPRO. therefore must be closely coordinated
One product division SM focal point said ht with the others. Likewise, the AFPRO
does not even know or see the agree- must be aware of the program manager's
ments which are worked out between the experience and be flexible enough to
two parties. As a result, the SPOs accommodate his actions and busy TDY
are developing their SM plans for CAS schedule.
support without the benefit of the
product division's past experiences. Still another area of concern is
This becomes critical when one consi- the role of the AFPRO during the pre-
ders the small number of SM success MOA period. Too often, the AFPRO is
stories within this Command. Hence content to await delayed inquiries from
we continue to plod along with SM plan- the SPO. If this situation develops,
ning while looking at the same type of the APPRO should begin to question the
information while disregarding the SPO concerning the planned extent of
benefits of SM innovations developed contract administration support to be
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required. This should get the program personnel experienced in SM operations
manager thinking and force discussions working on the product division staffs.
between the parties. Also, the AFPRO Many have worked the procurement pro-
should offer suggestions or possible cess but few, if any, routinely have
avenues of approach to the SPO. It worked SM problems. Also, key civil-
should tell the SPO what has been suc- ian personnel within both AFCMD and
cessful in the AFPRO on previous pro- AFSC SM functions within the Command
grams and what some of the results are. have been lost to transfer or promo-
After all, the AFPRO has the experi- tion within the past year.
ence. This approach, although some-
times overlooked, could provide the The second reason for a weakened
catalyst for an effective and smooth corporate memory is the fact that
SPO/AFPRO relationship for the life of within the product divisions today, SM
the program. Thus, before being com- i treated as an additional duty. This
mitted to the MOA, each party would is somewhat surprising when one consi-
know fully the thoughts and desires of ders the millions of dollars spent each
the oti- year by that division on subcontracted

effort. Although the product divisions
Hypothesis 3 have taken an active and appropriate

role in insuring that contracts con-As AF subcontract management pro- tain the current SM clauses, they have
fessionals, fiow well are we recording done little to assist the SPOs in
our experiences for those programs insuring that the SM process is run
which are to follow? Are we retaining effectively and that the interface
the SM corporate memory and using it to with AFCMD is running smoothly.
the advantage of the program? I be-
lieve we are doing an inadequate job in The last area is the need for
the SM area, which is leading to unnec- emphasis to be placed upon SM by the
essary subcontract dollar expenditures SPO. In many cases, the SPOs do not
on our major weapons programs. Retain- know what needs to be accomplished in
ing a good, SM corporate memory has SM. Also, SM problems tend to be over-
been difficult because there are no shadowed by more important SPO issues
known regulations or higher authority such as system engineering changes,
requiring us to do so. As mentioned in test program difficulties, and fuinding
the discussion on Memorandums of Agree- limitations. Therefore SM considera-
ment, we move from one program to the tions usually receive less attention
next, taking but a few of the good SM than others unless there is a catas-
lessons learned. The situation becomes trophic subcontract failure.
a vicious circle, because the MOAs
understandably will be weak in the SM Several possibilities for accom-
appendix if there is not a strong cor- plishing the restoration of SM corpo-
porate memory dictating what should be rate memory exist. The best SM corpo-
perpetuated in the MOA. rate memory within AFSC today rests

with the AFPROs. Here is where AFCMD
For a moment, let us review why the has stored the wealth of its subcon-

the corporate memory issue has been so tract experts who have been dealing
elusive for SM. The SM corporate mem- with prime contractors (in many cases
ory has been weakened primarily by the same contractor) for years. As
three factors: lack of personnel expe- mentioned in the MOA discussion, these
rience and expertise; lack of emphasis are the experts 0ho know what proce-
placed upon subcc" tract management by dures worked with a specific contrac-
the product divi .ons; and, ipathy tor in the past. The SPOs must solicit
toward SM on the -,art of the SPOs. the knowledge of these valuable AF

resources to prevent the pitfalls of
In the first instance, the person- previous programs, along with the pair.

nel aspect takes many forms. There is and cost of correcting these mistakes.
a definite lack of personnel with SM
experience of any kind operating within AFCMD has a responsibility to share
the SPOs. Thin is understandable since among the AFPROs the lee~ons learned
most of the SM activity within DOD is by each individual AFPRO. AFCMD has
conducted either by civilian ACOs, pro- been less than forceful in this
curament methods analysts, or assis- endeavor. As mentioiod earlier, pri-
tantL for subcontracts in the AFPROs. nary AFCMD emphasis has bey toward

Further, civilian personnel within CAS systems management. Understandably,
tend to transfer within that community the distribution of SM lessons learnedand not into the buying offices, within AFCMD has dealt primarily withAccordingly, there is also a lack of systems management. With the
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satisfactory implementation of CMSEP the AFPR more flexibility in support-

chroughout the Command, emphasis may ing the program managers. Today there
shift more toward direct program sup- is a better atmosphere of mutual under-
port. standing and communication in SM

between the AFPRO and SPO than ever
Also, the product divisions and before. The previous trend of erosion

AFCMD should establish a dialogue at of direct SM support has turned
the division headquarters level to around. However, the SPOs must take
discuss what has worked well in SM more positive action in making knowndirect program support in the past. their desires for subcontract adminis-
The author recognizes that this action tration support from the AFPROs.
might be more idealistic than realistic
since the two headquarters staffs would Hypothesis 2 shows that the pro-
have to overcome previous opinions gram office has taken a passive and
concerning the other's approach to SM. sometimes apathetic attitude toward
According to the PMAG study, the SM and has become involved only when
parties will have to set aside precon- a subcontracting crisis occurs. Lack
ceived barriers which inhibit effec- of SPO personnel experienced in SM
tive communication. (3:14) Neverthe- activities and constant reliance upon
less, a complete and free-flowing dia- the AFPRO have been contributing fac-
logue in the form of a workshop (versus tors influencing this attitude. This
formal briefings) would create the attitude is further demonstrated by
necessary catalyst needed at this level the unenthusiastic manner which the
to retain the SM corporate memory. The SPO and product division staffs exhi-
emphasis should be on how the opera- bit in dealing ith the SM appendix of
tions can reduce the program risk and the MOA.
increase the subcontract visibility for
the program managers. The Hypothesis 3 analysis concluded

that the product divisions have not
The product divisions must iden- retained a good SM corporate memory

tify the SM success stories and innova- and hence cannot provide meaningful
tive techniques being employed today SM experiences to the developing SPO.
within their divisions and spread the
word to the newly-formed SPOs. They The Hypothesis conclusions sub-
must take an active part in soliciting stantiate the existence of communica-
this information from the SPOs. tion barriers in AFSC/SM operatings

and represent what I believe are the
I have presented four alternatives three major, contributing factors

to assist in restoring the corporate inhibiting effective SM communication
memory. Implementation of any of these in AFSC today.
alternatives would assist the SM commu-
nication throughout the Command.
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USING OFF-THE-SHELF COMPETIrION TO RFICF TE CosT or (,:oV1:NNMENT

George S. Ostroweki, Don Sowle Associates, Inc.
Arlington, Virginia

INTRODUCTION Onc. difficult; I: finding the ans-ter lb the

Gov.'.nment's concept of competition. It is

gfier,,lly referred to as "adequate price
This paper focuses on pollaies and practices compatition." Guidelines In procurement

of the Federal Government in the purchase of direce.ives to obtain price competition
commercial products. These are the thousands require offers that are responsive to a
of products bought and used every day by the solicitation specifying or describinF i
general public, industry, and nonprofit organ- minimum Government need. Therefore, manv

izations, as well as by the Government. The Federal officials still insist that negotia-

thesis is that most of the Government's needs tions based on pr e.s established In the

for commercial products can be acquired more marketplace for off-the-shelf products do no,
effectively and cheaply by relying primarily meet the Government's concept of adequate
on "off-the-shelf competition" than on solici- price competition. The result is continuaclon
tations based on Government specifications. of the complex and costly specification

system for many products that could more

As a result of the language used in Federal effectively be purchased off-the-she]f.

procurement statutes and the implementing
regulations, it has become traditional However, a few Government activities have

practice in Government to: Determine its established prepriced contractual arrangements
needs. Describe them by writing ourchase with multiple sources on the basis of estab-

specifications in such a way tha' any poten- lished catalog or market prices. These

tial supplier can produce the itvim. Request arrangements cover off-the-shelf products CoI

bids or proposals for products that meet the selection to fit the need at the us.! levil.
description. Award a contract t- the supplier We believe that provision should be made in

offering the lowest price, procurement statutes and directives to se

off-the-shelf competition as a primary maethod

The practice works well for specl sl needs, but of purchasing commercial products. Consolida-
it is a costly way to buy product that are tLion of requirements for competition by

readily available on the commercial market. specification would only Be used when warrant-
In addition to the cost of the process, the ed by significant total cost benefits.

result is a hodgepodge of products made or
modified to just barely meet the Government Let ut. now review the needs of Government
specification. This "competition by specifi- users for commercial products and compare

cation" is also limited to firms that ari "competition by specification" versus "off-

willing to compete in this manner. the-shelf competition" in meeting these needs.

The problem has been recognized in many
Government studies including that made b7 the SATISFACTION OF THE USER'S NEED

Congressional Commission on Government
Pro.;ursment. As a result of the Commission's
findings, the Office of Fedral Procurement The primary purposc of 3overnment procurement

Policy (OFPP), Office of Management and Budget and distribution, systeiais is to provide the
(014B), issued a Federai p.'ocurement and supply ultimate user with the supplies, equipment,

policy requiring that: "The :overnm-Nur And services required to accomplish a job or
purchase commercial, off-the-shelf, .: fulfill a need.
when such products will adequately '. . :.; the
Goverment's requirements, provid& such There are wany users, especially in the
products have an establibhed commercial market Deparrment of Defense that, by the nature or

acceptability. The Government ,-!.it utilize complexity of the aquipment they need and the
commercial distribution channelo in supplying way it has to be supported, must be provided
commercial .roducts to its users." with products of special design or that must

be of standard configuration. But most Gov-

But how do you buy off..the-shelf products ernment users are engaged in functions with
using timeworn Goverr-ment purchase methods? needs that are similar or identical to those
The Department of Defense has established a outside the Government. These are the
"Commercial Cotodity Acquisit.oo Program" commercial product users.
(CCAP) to find the answ.r to thia question.
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A survey of commercial product users -7 1 The term "adequate price competition" A
ConmiF ton on Government Prccuremen'. xr * referred to in the statutes as "full and free
chat their greatest concern Is fcr ';'O.-' competition." In ASPR 3-807 and FPR 1 .3-807,
suitability, responsive deli mu?, A ".'! Pricing Techniques, the term is further
simplicity. Users invariably t .- ~. o".- definee as something that exists when (i) at
ment procurement and support of car''- , leact two responsib'e offerors (ji) who canproducts with their own ability to b.. ':.e satinfy the purche.ser's (e.g., the Govern-
same kinds of items and services on r: ment's) reuiierents (iII) independently
cormercial maiket. for their own person. use. contend for a ccntract tc be awardel to the
Even though they become resigned ., rw responsive and responsible offeror 5ubmitting
'"system" within which they must funct.. - they the lowest evalunated price (iv) by submitting,,re not satisfied unless their needs . • rcdofesrsjnsv ote xrse

t mere effciently and economically that L., y requirements of the solicitation.

believe they could do for them' elves. V
Compliance wtch these directives is achieved

Many itors are bought by the Government that by solicitation of bids or proposa.i from all
are not suiablk for a wide rw e of intended prospective suppliers to furn.sh priducts
purposes. These items are not used effectLve- hat meet the need. The supplier submitting
ly and mary are disposed of as surplus without the lowest priced item is generally awarded
ever having been used. Where ussra know w',at the contract without comparing alue of
off-the-shelf products are available that sIII products offered. Although the cor.-ept is
best fill their needs, product suitability is stralght-forward, the nost importa.:t factor
an important consideration, is Item price with little consideration for

total cost to the Government.
The most critical need for responsiveness is
In parts and supplies needed in mainterance The procurment process is part of total cost.
where requirements cannot be predicted. How- It includei an inordinate effort in: Quanti- -C
ever, In filling any need, where the user fying requircgmants. Developitig specifica-
knows that a suitable item is availab.,a trom tions or purchz.te descriptions. Soliciting
a local commercial outlet, delays occasioned bide or proposals. Evaluating offers. Making
by a lengthy purchasing or requisitioning awards. And managing the resultant contract
ij ocess are irritating and costly. Yet the to assure delivery of products meeting the
Governent has este,. ished huge depot and specification or description.
distribution syateu: &'r commercially avail-
able items that only involve sporadic Govern- In addition to the administrative cost and the
ment denards. delays in delivery occasioned by complexity of

the process, other actions occur that further
Most users know what they need and can easily increase total costs. Since the process isi communicate this requirement to a colleague, recognized by management as costly, and

but they have difficulty In describing the economy o, scale is assumed, there is a strong
need to the procurement community for purchase tendency to reduce duplicuLion by centralizing
action. This problem lies with Government the function and consolidating requirements
procurement requiremcnts for specifying needs for many activities. Computing stock require-
so that any potential supplier can respond by ments in anticipation of requisitions fre-
offering a product that will meet the specd- quently result in huge surpluses. Estimation
fled need. But products made for the market- and computation of needs for many activities,
place differ in form, function, and quality, of a single product, takes months.
The users believe they knov (by experience or
profession) the products a the marketplace When devolopment of a new product specifica-
that can bes. satisfy their needs; but procure- Lion or description is required it may take a 7

ment requires a nonrer ictive description of yoar or two from identification of a nted to
minimum Government ne,.. to solicit offers from providing procurement with a complete purch. ce
all potential suppliets. request, The contracting process can al-eo

take a year or more due to delays in complvt,.g -1

with administrative requirements, particularly
COMPETITION BY .PEC-ICATION if protests must be answered. All this cost

and time i considered to be a normal require-
nent of the proccss as dictated by Congress.

General policy on the use of spr#ifications There is no A¢,-:-t~g fe.. tie cost to the
and purchase descriptions is pcovided in taxpayer or relatiourhip of total costs to
ASPR 1-1200 and in FPR 1-1.305. General benefits in using the concept of "competition
policy is thin Federal and rilitary specifica- by specification" in purchase of commercial 7;p
tions, as well as industry documents adopted products.
by the Government, are mandatory in the
procurement of supplies and servic.v covered
by %uch spec, icationa. 212 1I

I4 n--



OFF-THE-SHELF COMPETITION Air Force Buy U.S. Here (LUMI) o1i'itam.
%is program was inst tued n162 t provide
DOD activities located overseas with manyAn alteruative o the Government process of off-the-shelf products covered by Federal

"competition by specification" Is "off-the- Supply S-hedules in the United States. The
sneif competition" for coi-erciel products. contracts are limited to those U.S. firms
The basic difference in the two concepts is that haw vve.%.a distribution systems and
that instead af .asking indus'y to offer can deli%-a. and service U.S. made products to
products meetiag a Government specification or overseas activities more effectivel5 and
description, thp Government acts as another economically than if the irems were obtained
customer for privately designed and developed from the United States through Government
products currently offered by indhstry in the distribution chat..Pls. Yhe solicitation,
marketplace. Th 3 is now done by the Govern- negotiation and n,,ntracting practc-es
rent in making small purchas. %, in emergencies, established by the Air Force for tais program
ind in several other Indefinr.e delivery are similar tc those used in the Yederal
contract arrangements that are not expressly Supply Service multiple-award sche~hile
pro-Ided for In rhv. e.ocurement statutes or progra-;.
implementing dire, lives.

The following programs are cited as examples Kr TIPLE-SOURCE CONTRACTING AUTHORTTY
of wh~re off-the-shelf items are bought with-
out one of product 4pecifications by negotia-
ting discounts frzm established market prices. The FSS citep '..ction 302(c)(!0) of the

Federal Property and Administrative Services
a Federal Supply Service multiple-award Act as authority to negotiate multiple-award
schedule program. Thi.i program was initiated Federal Supply Schedules. This exception to
by the Treasury Department over 50 years ago. formal advertising is "for property or
It consists of a pricing arrungomer t with each services for w ich i t is impractiable to

manufacturer or supplier that sells comercial secure competition." An identical exception
products in the marketplace who will provide is included in the Armed Services Procurement
there same products to any Government ordering Act.
acti ,ity at an agreed upon price. The value
aof oders under this program for fiscal 1977 Examples of when this authority may be used

tions (FPR) and the Armed Services 'rocure-
Initiol solicitation is for offers of entire meat Regulation (aSPR). These examples
lines of 3ff-the-shelf products at a discount include cases where the supplies or services
from established car-log or market prices, can be obtain..' from only one person or firm
The offers "re evalt ed and negotiations are sole source" and when it is impossible to
conducted with each cirm that has a product draft adhy.jste specifications or purchase :5
the GG-vernment may need during the contract
period. Award criteria is a price objective descriptiona for a solicitation for bids.

(benchmark) determined appropriate by the Unfortunately the wuc-ng of this exception
buyer in consideration of the anticipated and the examples for its use convey the
volume of Government business and the range impression that "competition" is not feasible
of discounts offered by competitors for the when using this authority. Even thE 'S'
same range of products. The resultig refers to single-award schedules a.- , ,,peti-
contracts are made available to every Govern- tive, inferring that multiple-award . , ?Js
ment activity for ordering needed items

dirctl frm te sppler ithut urterare noncompetitive. But those isana, in ttsdirectly fromn the supplier without further multiple-award program recognize it a. sing
negotiation. These using activities select based on off-the-shelf competition witt, two
the lowest priced it,% that will fill their additional competitive steps achieved, one in

needs from the multiple sources on contract. the process of contract negotiations and Lne
• Deeparmen of efene fo,... In product selection at point of use.

proa. This pt ivr.'e very similar to the Multiple-source contracts come under a type
Federal Supply Schedule Program but it ia fcr of contract defined In the FPh and ASPR as 4,_
processed foods that are purchased for resale "indefinite delivery." These are prepriced
through Department of Defense Commiaspries. arrangements for a period of time where the
The solicitation procedures, negotiations, quantity is either indgfinite or is dependent
and resulting contractc may differ from on Government needs. Hovever, the FPR and
multiple-award Federal Supply Schedules, but ASPP do not provide for m:tiple-sonrce
the concept of using off-the-shelf competition indufinite delivery contrects. Instructions
as a basis for contract pricing ia the same, are provided in the directives for placing

orders against multiple-award FSS schedules
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but even there the ASPR indicates that non- during th2 contract period. They are all
mandatory FSS schedules are to be considered sold in substantial quantities to the general
"another source of supply." public. They have met the test of the

marketplace for quality and reliability. They
I 1are not modified to meet a minimum government

MEETING TIE USERS NEEfD specification. "hey represent various

quality levels as needed in the marketplace.
Gover:iment users are familiar with these

The criterla for commercial product evaluation products through their own private use or by

must be based on satisfaction of the user's keeping up with technology as part of their
need. Accoi-lingly, suitability of the product profsd,bional or technical interests. These
for i intended use and responsice delivnry are the products that are referenced in trade

must be considered along with ordering journals and are used by the industry counter-
simplicity. Simplified small purchase proce- pa., t- the Government technician. They
dures .re currently provided for by statute represent the .atest technology in consumer
and procotreren directives For purchases under products with attendant benefits of the
$10,000. "oec in atte,.pcs to reduce the latest consumer product safety reot'rements.
number of individual purr isae actien, by
Government activities the,: purci..es are When the user (professional or technician)
limited to items that are n,). "uily providtd prepares a request for a :ommercial product

by a central depot type ac.ivity. Small he i ll identify those items that he i,,
purchases madr- at the point of use can be familiar with and knows that their quality and
accomplished quickly and effectively without features meet his needs. When multiple
development of detailed specificatio,a. But source corracts have already been establish-
whe, small p,irchases are consolidated to ed for these product lines the user can

exceed $10,C00, they must follow the procure- contact the local purchasing office for
ment proces; fcr competition by specification, information on those items covered by contract.

Ve r'ay then select the lowest priced item
As the size of the purchase increases so does L.et fills his needs. The purchase request
the cost of the process and the expectation of can then cite the item by manufacturers

being offered off-the-shelf products is description or model designation without
reduced. The cost of the process increases development of a specification. If other
due to the time involved ln._stimating and than the lowest priced item is requested it
consolidating requirements, preparing more must be justified by the'user. The requesting
detailed apecifications, using greater care in process is responsive, simple. and easily

technical evaluations, and in debriefing of jrderstood by users.
unsuc-e:sful offerors. Tae product offered in
response t-- a solicitation may be an off-the- Tnere is much concern by managers of central-
shelf Itr--x if one is readily available that !zed buying activities that central control is

meets the spe,.ification. But If the -i7C Of lost when user activities are riuthorized to
the o-der i, large enough for separatn select products to fit their needs. They

production, a modified version of the off- believe that users will select a greater
the-shelf item that barely meets the speci- capacity or quality than they need. Tis
ficatlon will most likely be offered. There may sometimes occur butwith less frequency
is no assurance that the. -item offered has the than when selection is far removed from the
-iame quality, reliability or features of its point of use. In fact, central buying by
commercial counterport. When the quantity is specification results in standardization that

large enough the solicitation also encourages exceeds the need of all those users below the
bids or proposals from firms that do not uake standard and those with needs above the stan-
that particular item for -ale in the dard will not use the item anyway.
comercial marketplace. .hus evaluation of

products offered becora,,L increasingly diffi- lhe activity purchase office can quickly place
cult as the quantity procured Increases, and a delivery ordcr against a multiple source
the potential problems in maintaining the cor.tract on a one page form. Many companies
item also increase. Attempts to solve this provide for these orders to be placed with a
problem by using perforrance type specifics- local retail outlet for more responsive

tkz's are hampered by lack of credible delivery and customer service. in fact the
procedures In comparing the value of itms purchasing office can even place the order by
offertl on large qruan ty purchases of telephone and confirm it by the one page
commercial products, delivery order. The responsiveness of

delivery In As fast as the user would receive
'rip progams cited as examples of using off- if he mode the purchase for his own uise.i the ribol l, ptit ion In purehmio ef

_ t utt l r |e 6 , i t o ' i t " fl l e v ot l l t it m t i p i , M iv iit u s e rs| f e e l t h t th e y a r e n p a r t o f t ihe-L
uou ' ¢ut~t'. [ntt;coittractu rtepratsvt secthin pro :.,s# tler .ire le1r. {' l:,ed , -i the ra:,. A, piotlucts and tiervices that the find fault v€tth the res-lting prod',er but this

-ontra, ting ;.fcer believes will be need(d is not the only benefit when purchting off-
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the-shelf items. Multiple source contracts best be made at the local site to fit the

are designed to use the commercial distribu- specific need. These decisions have to be

tion system so there Is no Government stock justified to the satisfaction of the

to become obsolete, pilfered or lost. contracting officer and the discipline for
Deliveries are made from the same stock that making the right decision is a responsibility

serves industry and the general public so the of management.
product not only meets quality requirements
of the marketplace but it probably comes with In addition to the three competitive levels

a commercial warranty. Further, the level of (i.e., marketplace, negotiated discount, and
quality needed for a particular application user selection), the pricing of multiple-

can be selected since the entire line of each source contracts is fixed for a period of one
source is prepriced by discount from market year. The exception is for reductions that

prices. are made in the basic market price from which

Te bdiscounts were computed and are subject to
The basic multiple source contract does not price reduction provisions. Therefore, the

assure any sales so the companies must compete Government has the benefit of a fixed price
with one another continuously during the for a year even though prices are rising in
Scontract period. If service is poor or product the marketplace. During periods of very high
quality drops for any company they will no rates of inflation, such as during wartime,
longer be competitive. And fortunately the economic price adjustment provision can be
Government is not "locked in" on a long term included in the contracts.
contract arrangement for large quantities.

CON(,USIONS
COST AhD PRICE

. Product suitability, responsive delivery,
One of the assumptions of the Government Ja anZ ordering simplicity, are criteria for

that any reduction in unit price achieved by evaluation of systems that provide commercial

making large quantity purchases is a savings, products to Government users.

Since there is no accounting for efforts

expended in consolidating requirements, pre- e Procurement statutes have established Cov-
paring specifications, solicitation, inspect- erment purchase methodology for commercial

ion, warehousing, distribution, and management type products that are effective in achieving

of these activities, these costs are not low unit prices but the process is slow and
considered in comparing alternative methods of costly and the products are likely to be of a
acquiring commercial products. quality that may not be the best buy for the

Government.
the price negotiated on multiple source
contracts is based on the terms and condi- a Purchase mechanisms are in use throughout

tions of the solicitation. Price and dis- the Government that benefit from "competition

count offers are solicited for the commercial of the marketplace" by providing Government

line of products. In the case of the FSS users the same products that are available to

multiple award schedules no total quantities non-Government users. These procedures are

are established, orders are placed by not provided for in procurement statutes or in

thousands of ordering officers throughout the basic procurement directives.

United States, and destination delivery is
required to each user. A frequent criticism * The total cost of purchasing by various
of multiple source contracts is that the methods is not generally known and is not

system does not assure the lowest possible considered In selection of purchase methods

price for a given delivery and that the lowest and techniques.
priced item is not always selected for the

specific need. The average size of each order o There is a need for recognition in procure-

as established on our user lovel survey was ment statutes and produramint directives of

$531. Obviously the contract prices, purchase methods'that are based on "off-the-

including transportation costs, which cannot shelf competition" afid for consideration of

be determined at time of contract negotiation, the cost of t'e ac ulsltion process as part
are averaged so those larger user activities of total cost to the Government.
that are in urban areas can separately obtain

better prices at the expense of isolated *.Recognition by the Congress and procurement
low-volume activities. Variations in the managets of the potential for economy and

pricing structure for large users could be effectiveness by increasing reliance on off-
arranged without detracting from the advan- fhe-shelf competition would lead to improve-

tages of the concept. ment in procurement practices and increased
use of the concept when it is the .nost coat

Selection of the least total cost item at the

point of uge is a judgment decision that can
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I effective method. Institutionalization of
the concept would significantly reduce costs

of Government.
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THE COMERCIAL ITEM SUPPORT PROGRAM (CISP) MATHEMATICAL MODEL

11 George A. Clark, Defense Logistics Agency

-9 INTRODUCTION commercial availability, do not require a~military or Federal specification, for which

private industry response time is sufficient
This study, performed by the DLA Operations to support military needs, and for which cen-
Research and Economic Analysis Office (DLA-LO), tral procurement is too costly. Accordingly,
examines the Total Support Cost for managing the DLA has initiated two complementary major
an item of supply under several alternative management programs to identify commercial
methods within the Department of Defense. The items, examine the need for government speci-
study emanated from a request of the Assistant fications, and determine the most cost/effec-
Secretary of Defense (MRA&L) that the Defense tive nethod of management.
Logistics Agency develop a plan for implement-
ing a Commercial Item Support Program (ClSP). The Commercial Commodity Acquisition Program
A part of that plan requires mathematical for- (CCAP) reviews Government specification items
mulas and costing procedures to compare the and offers the ooportunlty to (1) eliminatej Total Support Cost of the various possible all unnecessary Government specifications for

A alternatives. commercial products; or (2) use industry
standards in lieu of Government specifications

I In 1972 the Commission on Government Procure- when a formal specification is required; or
ment (COGP) published a report stating that (3) "scrub down" the Government specifications
the DLA overhead and operating costs were ex- to reflect the commercial product to the maxi-
cessive. The COGV concluded that, "even with- mum extent possible when Government specifica
out considering obsolescence, DLA support costs tions cannot be eliminated. Items which can
are significantly higher than those of civil- be purchased without the Government specifica-
ian activi.ties. This was Faid to be due to (a) tions will then be processed by the CISP.
the type of management required for military
logistics support beyond that required for The CISP seeks to identify items which have
civilian systems, (b) the economic and demand wide commercial availability and for which
characteristics of the items being supported, commercial support is most cost/effective.

I and (c) the high costs of inventory investment The DLA is currently developing guidelines to
associated with low turnover El). determine commercial availability through mar--

ket surveys and local purchase testing of cen-
The General Accounting Office (GAO) and the trally procured items, and has prepared a com-Office of Management and Budget (OMB) recently prehensive CISP plan.

I( expressed similar criticism of DLA inventory
management. In one report in August 1976, the
GAO stated that the DLA manages many minor, THE STUDY
low-use supply items which could be supplied
more economically through commercial distribu-
tion systems (2]. Subsequently, the GAO re- Objective. This paper develops the Total Sup-
ported [3] that by not using full cost account- port Cost (TSC) models to compare the econom-

| ing in its cost analyses, the DLA justified ics of alternative methods of supply support.
central stockage of these Items. In addition, The models will be used to determine the least
the Office of Federal Procurement Policy (OFPP) cost method to manage co"inercially available
of OMB in May 1976 issued a policy statement items.
requiring maximum use of the commercial distri-
bution systems, asserting that commercial dis- Scope. The study essentially addresses six of
tribution systems were more economical than -e'eight supply support alternatives identi-
government systems. However, the GAO has rec- fled by the ASD(MRA&L). These alternativbs
ommended that the OFPP modify its policy to are listed below and correlated to theiV cor-
state that the commercial distribution system responding DLA Supply Status Code (SSC).
should be used only when it is cost/effective
to do so. The Assistant Secretary of Defense Item Management Alternative (IMA) DLA SSC
for Manpower, Reserve Affairs and Logistics,
ASD(MRA&L), and the DLA are in agreement with Contractor Suppbrt None
latter GAO recommendations. Local Purchase 2

Supply Schedule Support None
Although these recent critictms emphasize cost ICP Delivery Order Support 3
at the expense of military support, they do lOP Prdcurement on D-mand 3I have some basis and point to a real need for Central Stockage 1,A

the DoD to justify economically central pro- Combined Management 1,A
curement and stockage. It is alleged that the Contractor Support 1,A
OLA currently stocks many items which have wide
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LA SSC classifications are defined as follows: purchase of materiel, supplies and services by
SSC-A. Items coded in this management an installation for its own use or use of an

iteg ory are generally low demand or insurance installation activity logistically supported
itemns. They are infrequently demanded, gener- by it. Local purchase is not limited to the
ally high price items with long procurement irnediate geographical area in which the pur-
lead times. A nominal quantity is stocked. chasing activity is located.

SSC-l. Items coded in this management [MA3 - Supply Schedules Support. Thio
category are demaid-based centrall procured alternative represents s.pport by procurement
b' the OLA. and generally stored %ATYfl tile from published schedules, analcgo.is to the FSS
DLA distribution system. (There is some stor- naintained by the GSA. When this alternative
ann of DLA-ownei materiel in other DoD ware- is used, DLA Supply Centers (DSCs) initiate
housing facilities.) Indefinite Delivery Type :ontracts and publish

SSC-2. Items cod.1 in this management and distribute printed schedules worldwide to
category are local purchase items which are c:-rs. Installations would order from and pay
u urocured and stored by user activities or directly to t1% contractor. This type of con-
their supply support systems. The DLA provides tract normally lists items; however, o.'e con-
only catalo',q ;d sometimes contracting sup- tract may cover several items nd a separate
p-t. SSC-2 Items may also be obtained through contract may be required for each of several
Contractor Operated Civil Engineer Supply manufacturers who may supply this same item.
tores (COCESS) or Contractor-Operated Parts IMA4 - ICP Delivery Order Support. This

Stores (COPARS), in which case the DLA pro- alternative includes as subaltinatives 9LA Y

rides ro contracting support (4]. prccurement instruments such as Basic Ordering
SSC-3. Items coded in this management Ag-ear.ents (BOAs), Blanket Purchase Agreements

category are centrally procured and otherwise (BP/s), an4 9TCs. IMA4 is for direct delive-y
supported by the DLA, but are not positioned to the user ith orders issued by ICP.
in DoD warehouses. Customer demands are sat-
isfiec by direct delivery orders placed on the BOA is defined in the CISP plan and ASPR
contractor by the DLA. The Indefinite Delivery 3-410.2 as a written instrument of understand-
Type Contract (IDTC) is a comon procurement ing executed between a procuring activity and
instrument for these items. The DLA does not a contractor which sets forth the negotiated
procure its assigned items through a schedule contract clauses which are applicable to fu-
system such as the Federal Supply Schedule ture procurement between the parties. The BOA
(FS ) systpi utilized by the GSA. includes a description of the supplies to be

Other SSC Codes. At present the following furnished or services to be performed when
categories are excluded anC not considered in ordered and a description of the method for

r f-.s analysis: determination of the prices to be paid to the
A) SSC-4. Military Assistance Program contractor. BOAs are often used for sole

i ems are centrally procurd and stocked source items. There is no fixed price. The

solely 'or MAP. total agreement is for over $10,000. BOAs are
S:.-5 Reference only items used only explicit and become legally binding upon both

for bid Tn tations, allowance lists, etc. parties. Each purchase is nego-.iated separate-
SSC-6. Terminal items, issue until ly. Some automation is possible.

exhausted.
SSC--7. Items coded in this management A BPA (ASPR 3-605) is a simplified method of

category are centrally procured and stocked for filling anticipated repetitive needs for small
overseas requisitioners. quantities of suppliers or services by estab-

SSC-B. Government-Furnished Materiel lishing "charge accounts" with cualified
SGFX) an" Government-Procured Property (GFP) sources of supply. BPAs may be used for pro-
for use in manufacture of items. curements whose individual delivery orders do

SSC-9. Semiactive, potentially inac- nct exceed $10,000 each. There is no fixed
ive, fouture stockage not uthorized. price. SPAs are much simpler than BOAs. De-

SSC-O. No stat'.; zode. livery orders for under $500 against a SPA are
-1 highly automated; <AMIS Au:amated Small Purchase

SManagement Alternatives (IMAs) System (SASPS I) which consists of a rotating
iM)A - Contractor Support. This aiterna- list of suppliers is used and no competition is

tive includes supply support arrangements such required. Above S500 SPAs are seldom used.
as the COCESS and COPARS. No specific cost Instead SAKIMS Automated Small Purchase System
model will be developed by the DLA. Each base! (SASPS [I) is used. At least two bidders are
activity will conpare the costs of contractor automatically sent Request for Quotes (RFQ) and
support with its current local purchase pro- subsequently a Purchase Order (PO) is issued.
cedures to determine the mc'.t economical method SAMMS is the Standard Automated Materiel Man-
of supply for decentralized tems. The DoD agim-ent Systen of DLA. !hen t'here are no ex-
will publish guidance on this subject. ceptions by bidders, the evaluation 1- automated.

IMA2 - Local Purchase. This alternative Exceptions must be manually evaluated.
represents current local purchase practice. __ _

Local purchase is defined in the basic CISP IOTCs includes the following type contracts:
plan and ASPR 1-201.28 as the authorized Definite Quantity Contract. This type
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contract provides for a definite quantity of item of supply is the full cost incurred by
specified supplies or the performance of specd- the Government in delivering the item to the
fled services for a fixed period with deliver- customer. As well as the price paid for tle
ies or performance at designated locations item, the full cost includes an allocated
upon order. share of the cost of the support system used

Requirements Contract. This type contract to acquire and deliver the item. Thus, both

provides for fillng al actual purchase re- the market price paid under each procurement

quirements of specific supplies or services of alternative and the overhead costs of the sup-
designated activities during a specified con- port system are directly included in the IC
tract period with deliveries to be scheduled concept. This definition is equivalent to the
by the timely placement of orders upon the con- landed or full cost concept used by the GAO in
tractor by DLA for designated items either its recent analysis [3). The TSC not only in-
specifically or by class of Items. cludes funded costs but also certain unfunded

Indefinite Quantity Contract. This type costs, specifically the investment and obso-
contract provides for the furnishing of an lescence costs of inventory and the fringe
indefinite quantity, within stated limits, of benefit costs of civil service employees.
specific supplies or services, during a speci-
fied contract period, with deliveries to be In the past, the TSC approach was a review of
scheduled by the timely placement of orders costs incurred, and an extrapolation of those
upon the contractor by OLA for designated items costs as future expenses incurred through ad-
either specifically or by class of items. ditional workload, or as savings accruing from

reduced workload. It was, therefore, an aver-
IDTCs are generally used for procurements whose age rather than incremental cost approach and
total annual demand is equal to or greater than has both significant advantages and disadvan-
$10,000. There is a fixed price. In the near tages.
future, delivery orders against IDTCs will beautomated in DLA. Average Cost and Incremental Cost Concepts.

Two methods of considering the cost of manag-
IMA5 - Procurement on Demand. This alter- ing an item are possible: (1) Average cost

native represents the current type of support adds all costs and divides by the number of
given SSC-3 items in DLA. A purchase action is items managed. This method does not consider
initiated each time a requisition is received, the characteristics of diffqrent items. It

- This alternative is designed primarily for sup- assumes that all items are managed at the sameport of low frequency items. cost. (2) Incremental cost considers eachC IMA6 - Central Stockage. This alternative item individually and computes the cost torepresents the current type of support given manage based upon the variable workloads cre-
D DLA SSC-l and SSC-A items. It consists of bulk ated by the item's characteristics.
procurements, depot stockage and issues foreach requisition. Procurements can be small or Average cost and marginal (incremental) cost
large purchase, BPA, IDTC, SASPS I or SASPS II. criteria are applied in quite different deci-

IMA7 - Combination Management. This alter- sion problems. If one is considering a rela-
native maintains central stockage to support tively small adjustment to workload within an
high priority requisitions and supports prior- organization, i.e., one item at a time, mar-
ity group III requisitions by delivery orders ginal costs and marginal benefits will be com-against IDTCs. Hence, it is a combination of pared to identify the cost-beneficil course
IMA4 (IDTC) and IMA6. This alternative envis- of action. However, if one is deciding be-
ions the support of priority groups I and II by tween the total population average, average
filling such requisitions from stock. Priority cost may be used. The techniques applied by
group III would be filled by direct delivery, the COGP, GAO and recently ASD(MRA&L) have
The intent is to minimize stockage while pro- been based on average cost, for the reason
viding responsive service when needed. DLA that OLA support was compared with the total
would use IOTCs for filling priority group III of local purchase and conrercial support alter-requisitions and for placing orders for stock. natives. If the total inventory management L
In this case, IDTCs might be for less than function were to be changed, the average cost
$10,000 demand pe' year. method would apply. If only a portion of DLA

IMA8 - Contractor Storage. ICP arranges item management is to be considered for change,
for purchase of fixed quantities of items from the average cost does not apply. This paper 1a contractor and for the same contractor to examines the marginl cost approach,

furnish services for receipt, storage, and
issue based upon release orders from the ICP. Funded 3nd Unfunded Costs. In order to deter-
Contractor storage is a separate issue and mine the cost of DLA supply support, all Oper-
should be considered at a future date. ating and Maintenance (O&M) costs for FY 76

were reviewed for applicability to the supply
support mission. Applicable O&M costs wereTOTAL SUPPORT COST defined as all costs incurred in the support
of items of supply assigned to DLA for item

General. The total support cost (TSC) for an management. Costs associated with other
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logistics missions were not considered in the application, the interest rate is applied

calculation of the cost of DLA supply support. against the value of annual gross sales.

For example, all O&M costs of the Defense

Industrial Plant Equipment Center (DIPEC), and Mobilization Reserve Stocks. Mobilization
the larger portions of 0&? costs of the Con- reserve stocks are not used to support current
tractServices (CAS) mission operations. Hence, they are not a considera-

and the Defense Property Disposal Service were tion under CISP and are not included in the
not included in the cost calculations. total cost support formulations.

Whenever an O&M account was deducted as inap- Approved Force Acquisition Objective (AFAO).
plicable, e.g., DIPEC, a prorated portion of It is this strata which is budgeted for sup-
other DLA resources expended in support of port of peace time demands. Recent analyses
that account was also deducted. This proce- by tha DLA Operations Research Office suggest
dure required a cost proration of all DLA that the demand decAy is curvelinear. The
management support organizations, such as the study demonstrates that inventory has close to
IDLA Administrative Support Center (DASC), DLA a 100% probability of being demanded during
Field Offices and the DLA Headquarters, to the the first two years. If bought in larger quan-
Primary Level Field Activities (PLFAs) and the tities, the dollar value of which is low, the
CAS mission. probability of it being demanded drops dramat-

ically. Based upon this curve and the fact
These costs include applicable O&M as well as that at best these are approximations, no obso-
the unfunded costs of inventory holding and lescence is charged td AFAO; only storage and
Federal employee fringe benefits. Other un- interest are charged.
funded costs such as interest costs on cash
balances, depreciation, and costs of alterna- Economic Retention. Based upon normal proba-
tive uses of land, equipment, and buildings, bility tables,-the average probability of re-
all of which may appear in economic analyses tention stocks being demanded has been deter-
in the private sector, were not included in mined. A separate curve was developed for
the cost rate. The rationale for these deci- each obsolescence rate. The cost of holding
sions relating to unfunded costs is discussed retention is computed as the loss due to obso-
below. lescence, the interest cost applied to the ex-

pected value of the materiel, and storage Lost. •
Inventory Holding Costs. The major unfundec
cost of DLA support is the cost of holding in- Excess. Excess materiel is to be disposed ot;
ventories. In this analysis the holding rate returned to the private sector. It is no long-
is applied to the actual inventory as reported er a part of the DoD inventory. We have taken
in the quarterly stratification report. the loss by obsolescence in other strata. It

is not included as a CISP holding cost.
The rate consists of three components: an
interest charge of 10% per annum applied to In Transit. Tnese are stocks which hdve been
the value of the inventory; a 1% storage rate, accepted by DLA at origin and are not yet in
also applied to the value, which captures the storage. They are included and charged inter-
depot O&M variable costs of managing inventory, est only similar to AFAO.
exclusive of receiving, packing, issue and
transportation functions; a variable obsoles- Interest Cost on Cash Balances. As well as
cence rate which is designed to recover the applying an investment cost to inventories, acosts of deca in the demand process, or the private company would apply an investment cost

percentage of the buy quantity which is lost to any funds which are not earning the poten-

to the obsolescence process at the time of the tial return from an alternative investment.
buy; and last, a miscellaneous loss rate. Any kind of revolving fund which has a net pos-
While DLA has set the miscell neous loss rate itive cash investment would incur an investment
at zero, it has calculated an obsolescence cost. DoD Stock Fund cash balances are main-
loss rate for each commodity, based on the tained purely as book balances and, in fact,
value o the inventory sent to disposal, are not supported by actual cash on-hand. No

funds are being withheld from the private sec-
The manner in which holding cost is applied de- tor; therefore, the study makes no charges for
pends upon the decision to be made. For pur- interest costs on cash balances.
poses of estimating average total cost and
fixed overhead cost, a conflict arises as to Dereciatlon Costs. Depreciation accounting is
the use of actual costs indicated in OLA P350 userIn the private sector to reflect the charge
cost account for storage or the 1% which is in- of fixed asset costs against current operations.
cluded in the holding rate in accordance with Tax credits allowed serve as a mechanism 1,
0oOl 4140.39 (5]. This study has considered encourage private sector capital investments
these detailed costs and in the final analysis and thereby stimulates economic growth. For
eliminates the P350 costs and uses 1% included example, a private company will seek to recover
in the holding rate, the cost of storage facilities through depre-

As used in this analysis and for ease of ciating the initial construction cost over a
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given life cycle. A time stream of tax adjusted by the unit price differential
credits will then compensate, (more or less to f[(V)(l+D 3 )]
the extent of actual costs) for this invest-
ment. IMA4 - ICP Delivery Order Type Contracts/Agree-

ments

In government, the financing of major capital IM a- Basic Ordering Agreements (BOA)
equipment and facilities is through congress- TSC4a IO+(PBOA+R)F+(I+DBA)(V)(]+Ra+Z)
ional appropriation and there is no corres- +P' 1 BO)
ponding concept of tax credit which would off- where K is a function of the annual demand ad-
set this cost and thereby encourage investment justed by the unit price differential
in government. Cost/benefit analysis has been f IV)(l+DBOA))
the major mechanism for evaluating government

capital investments, and once funds are ex- IMA4b - Blanket Purchase Agreement (BPA) also
pended, the initial costs are sunk and there- (SASPS I and I)
fore irrelevant to any future analyses. A TSC4b PA+R)F+(I+Ra+Z)(V)(I+DBPA)
private corporation would, however, show an +[2K)
annual cost due to depreciation; the annual where PBPA is a function of the dollar value
cost would include the initial investment, of the procurement adjusted by the Unit Price
Depreciation tax credits would appear as com- differential f[(V/F)(I+DBPA). This same for-
pensating revenues. There is simply no mula applies to SASPS I and II procurements;
rational analogy for this type of financing in the value of PBPA changes for SASPS II.
government. Consequently, no depreciation
costs have been included as unfunded costs in IMA4c - Indefinite Delivery Type Contract
determining the cost of DLA supply support. (IDTC)

TSCnc = DT(PIDTC+R)F+(I+Ra+Z)(V)(I+DIDTC)
Fringe Benefit Costs. Federal employees re- +2a
ceive benefits which are costs on the aggre- where K is a function of the annual dollar de-
gate Federal level, but these fringe benefit mand adjusted by the unit price differential
costs do not appear as O&M costs in budget f[(V)(I+DIDTC)].
statements of individual agencies. Conse-
quently, fringe benefit costs must be added to IMA5 - Central Procurement on Demand (POD)
the personnel cost component of O&M costs to TSC5 = (PB+R)F+(l+Ra+Z)(V)(l+DS)+L2(K)
determine the true cost of DLA supply support,. where K is a function of the annual dollar de-
The current total fringe benefit rate is 18.1%. mand adjusted by the unit price differential

f((V)(l+Ds)].
Opportunity Costs of Capital Assets. Another
unfunded cost which appears in private sector IMA6 Central Stockage
cost analyses is the cost of the best alter- TSC6 -(J+S)F+Bi(V/Q)+(I+R+H)V+L2(K)+
native use of capital assets (land, equipment, where K is a function of the annual dollar de-
buildings). These costs are generally labeled mand f(V).
opportunity costs - the costs of alternative Bi varies dependent upon the procurement
opportunities foregone by deciding upon a par- instrument used.
ticular course of action. There is an oppor- For regular bulk procurements, Bi = either the
tunity cost associated with operating a depot small or large procurement cost of Bl and I
if that depot has a private market value. Al-
though the cost of foregoing sale of a depot For BPA or SASPS I, Bi - Bjand I = IBPA .
to the private sector may be relevant, it has For SASPS II,B=B and = 

1BPA .
not been possible to identify the best alter- For IDTC, BI

4  B4 an3  IIDTC.
native use of a Defense depot. Sale of the
facility may not even be a feasible alterna- IMA7 - DLA Combination Management. In this
tive let alone the best alternative. The alternative stocks are maintained to support
opportunity costs of government-owned capital the high priority demand base only (priorities
assets have not been included in the cost of 1-8). Low priority demands will be supported
DLA supply support. by IDTCs. Since it is unclear at this time

THE MODELS how many storage facilities would be required
to support a large-scale conversion to combi-

IMA2 - Local Purchase nation management, the same overhead cost has
TSC2 = (P2 )(I-A2 )f+(I+Rb+Z)(V)(l+D2 )+(A2 )(F) been applied. It is likely that the value of

(P5+Rm)+L2(K) L2 would increase in the event of large-scale
where P7 is cost of a procurement as a combination management because overhead costs
f[(V/F)1I+D2)] and has a different are not likely to be reduced in proportion to
value dependentupon the value of the procure- inventory reductions. Thus, the TSC7 formula
ment. Where K is a f(V)(I+D5 )(A2 )/(I-A 2 )] . is conservative.

IMA3-Supply Schedule Support TSC7 IIDTC+L2(K)+(1- (J+S)F+(l+Ra+H)(V)
TSC3 I I+P3F+(I+Ra+Z)(V)(I+O3)+LI(K) (I+DIDTC)]+(I-Rl)(PIDTC)E(V)(I+DIDTC)/
where K is a function of the annual demand QCJ+Rl(PIDTC+R)F+(l+Ra)(V)(I+DIDTC)J
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where K is a function of the annual dollar de- I - Cost per item on a supply schedule. A
mand adjusted by the unit price differential schedule may contain one item on a contract
f[(V)(I+DIDTC)], line or it may refer to an entire catalog of a

manufacturer. It may be necessary to establishDefinition of Costs and Other Inputs. Values several contract lines for the same item when
have been derived for all inputs required to supplied by imre than one manufacturer.
drive the models. Some of our values are quite (Code I!)
valid; others require further study. We have
coded each input value with a Roman numeral, P3 " Cost of placiig an order against an SS
indicating its reliability: The higher the type contract (Code II)
Roman numeral, the more reliable the value.

D Unit price differential for FSS buy rel-Code Review a~ive to stocked item buy. (Code II)
A I Currently under further study.

Li - Prorated ICP overhead for an SS type buy.
II Values are best estimates based upon Floor and ceiling values are used (Code IV)

studies wh4ch have not been validated by
DLA. These should be studied further at L - Prorated DLA ICP overhead costs per dollar
the earliest practical date. dimand by comrodity. Application is same
Vefunction as variable L. (Code IV)SIII Values are best estimates based upon
studies which have not been validated by I - Establishment of an item on a BOA.
DLA. However, these values appear s may accept all items a manufacturer or
reasonable or are not vital to results, distributor sells. (Code IV)

IV Values are averages and are the result IBPA - Same as BOA (Code IV)
of a OLA study. These should be examined
further to determine if the averages ap- IDTC - Establishment of an item on an IDTC
ply in the extremes (high or low ranges), (oe IV)
or if policy changes in the future would
affect the average. PBA - Cost per order placed against a BOA

using an automated system for a percentage ofV Values are the result of a detailed DLA the items. (Code IV)
lstudy. Further study is not considered

necessary except for some future update. PBPA - Cost of placing an order against a BPA.
Teeare direct delivery costs. Automation is

P2 Average administrative cost to procure at effective for below $500 procurements by OPA.
installation level. Costs are estimated to Between $500 and $10,00. an automated systemvary-as a function of the value to be procured. (SASPS II) is used. BPAs are not generally
(the average requisition value). These values used in DLA for calls above $500. (Code V)(8]
are under further study by the Military
Services. (Code I) PIDTC- Cost of placing an order against an

IOTC assumes automation, except Clothing andF - Frequency of requisitions per item per year Textile, Medical, and Subsistence. (Code V)
at the ICP. Formulas assume one order per re-
quisition for other than central stockage and DBOA - Price differential estimated to be the
assuming no change in average on hand iiventory. same as for the FSS buy. (Code II)
(Code RA)

OBpA - Same as above.
Rb - Rate of annual holding rate of inventory Se
to annual dollar demands . local installation DIDTC - Same as above. N
when local management is jsed. (Code R)-os

Z - ateof rturs rdlstlbuion los tothe R - Requisition processing cost by ICP; in- -

us-Red o eun ~itiuin ott h ldsisalto ot (Code V) [7

sed (Code V) Ra - Rate for holding cost of inventory invest-
ment component at the installation level whenD2 - Average unit cost differential for local central management used. It is the ratio of -

purchase vs. central ICP procurement. These holding cost of inventory to annual dollar de-
values are under review by the Military Services mands at the installation level. (Code I)
and in addition are being tested by the CISP's
Early Initiatives. The expression (l+D2)V is P5 - Purchase costs for procurement on demand, Aused to adjust the annual dollar demand by the standard pu'chase order, for procurement values , I
unit price differential. (Code I) under and over $10,000 (Code V) A

V - Annual dollar demands of the item at stand-

ard price. (Code NA)
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Price differential for procurement on Demand 5 Regn 10 Regn
dimand estimated to be the same as for the FSS
buy. (Code II) $5 LP 56 106

SS 112 197
S - Depot overhead per line shipped. BOA NA NA
(Code IV) SASPS 1 61 86

SASPS II NA NA
J - Issue cost, includes installation requi- IDTC 96 121
sitlon preparation and transmittal cost, ICP POD 460 893
requisition processing cost, depot picking, CS Proc 111 165
packing, issue and transportation directorate CS BPA NA NA
costs, but not second destination transporta- CS Automated 88 142'
tion costs (already included in ICP price). CS !DTC 127 181
(Code V) Combined Mgt. 109 145

Bi - Procurement costs for stocked buys, in- The manager, knowing the annual number of
cludes receiving costs, for procurements under requisitions and the dollar demand, selects
and over $10,000. (Code V) the least cost feasible alternative.

B2 - 83 - B4 - SASPS I and II vendor's lists Review of test results. A review of tests
for stock buys and include receivin3 costs made to date suggests:
(Code V). IDTC costs are -anual (Code IV). a. The most significant factor in the

decision between alternative management meth-
H - Holding cost rate by commiodlty as X of ods is the procurement costs. Automation for
gross sales. (Code V) BPAs, vendors' lists and IDTCs is highly

economic. Analyses of these tests strongly

R, - Fraction of the demand attributable to suggest that a central automated system is
priority group Ill requisitions. (Code V) more effective than multiple local purchase

activities.

Q - EOQ in dollars (Wilson). b. Depot stockage results in variable pro-
cessing costs, depot overhead costs and hold-

Qc- Reduced buy quantity in dollars for ing costs. Depot costs increase with increas-

combination manaement. The value of Q = ed number of shipments. These are the costs
k rV(l+DIDTC)(l-Rl) we would be transferring to the commercial

distributors by using the commercial distribu-

A Percentage of 2A requisitions to be re- tion system instead of DoD depot stockage. We

ciived for an SSC2 item for each requisition might expect some'increase in the unit price

formerly received for a stocked item (Code IV). to offset this increased cost. Sensitivity

(CT and S are based upon an average of the testing suggests that direct delivery unit

others as data was not available at the time price would have to'be 15% higher in order

tnis report was prepared.) Code II. for it to outweigh the depot stockage costs;
and then that would only be for low frequency

Cost to process a manual requisition requisitioned items. It would require over

ude IV). 25% differential to make depot stockage of a
significant number of items economic.

Impact by DSC. Based upon the values above, a

computer program was run to test the models on
each of the seven commodities. This program CONCLUSIONS
produces a matrix, generally as follows:

REQUISITION FREQUENCY CSP

$ Demand 5 10 15 .1000 1. Greater use should be made of the Commer-

cial Distribution System (BPAs, IDTCs) by

5 xly 1  xlY 2  XlY 3  Defense Supply Centers.

10 x2Y1  2. Economics alone can justify stockage onlyin certain cases. Military stockage should

15 not be based upon economics alone.

3. Local/installation management is not
necessarily the most economic method of item

100,000 management, particularly for high frequency
demand items.

For each cell of the matrix, the total support
cost of each alternative is computed. For
example:
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17

FORWARD PRICING ARRANGEMENTS

"COMMON SENSe'
(Small Purchase)iCol Charles E. Wheeler, Director Procurement & Production
00-ALC Hill AFB UT

INTRODUCTION Period 12 Months
'Universo $4,669,230.07

Qty 3,666 actions
During FY 1975 00-ALC D/PP Management deter- Sample $466,052.03

mined to take unique and positive action in Qty 369 actions

the small purchase area (PL 93-356 - $10,000).
The main thrust of management's drive was Of the sample (369 actions) only 58 ea had

directly placed upon: negotiated amounts of $6.;58.15 or a negligible

_ negotiated savings (reducLion factor of 1.3%)

1. Excessive administrative costs
2. Increased workload The fifth part of Ogden DIPP problem is shared

3. Reduced manpower allocations throughout USAF and probably DOD and is due to

4. Negligible return in negotiated our aging weapon systems (out of production),

savings increased flying or on-line time, and need for

5. Customer (D/MM) unsatisfactory the related spare parts. Compounding this is

"fill rates" the increased administrative or procurement
lead time which then delays the ccntractor

D/PP Management was faced with "a disproportion- delivery date to satisfy our "fill rate" date

ate decrease in human resources being expend'd of PRs.

on sole source, small purchases with minor

returns in the form of negotiated reductions

and corresponding 50 + days of administrative STUDY
lead time that contributed to the unsatisfact-
ory "fill rate" of our assigned weapon system."

The entire purpose of this study was to innovate

erThe first part of Ogden's D/PP five part problem a completely new concept in the small purchase
nimely excessive administrative costs, is shared area that would: Remove all administrative

by all in DOD as can be seen from ASPH #2, lead time (issue same day requirement receiveldd

31 Mar 1976, "...if each of these actions were reduce administrative costa, and result in

to cost $100 in'administration, DOD would be satisfactory earnings to industry and fair

spending $1 Billion to buy $4.8 Billion. . . ." satisfactory prices to DOD that would withstand

The second and third parts of D/PP Management's 
congressional or any/all public review.

V problem are illustrated: FY 1975 Central By reducing procurement lead time, improve the

Procurement contractual actions: contractor's delivery time which would improve

our customer's "fill rates."

Actions: Under $10,000 - 20,457 84%

Over $10,000 - 3,798 16% The first phase of our study was conducted with
Total 24,255 = 100% our high volume major suppliers of sole source

replenishment spares, namely, McDonnell Air-

Dollars: Under $10,000 - $32,706,488 8% craft Co (MCAIR), St Louis HO - F/RF-4 Spare

Over $10,000 - k02,167,815 92Z Parts; The Boeing Co, Seattle WA, and Rockwell

Total $434,874,303 100% International Corp, Autonetics Group, Ann:ielm

CA on our Minuteman (MIM) Spare Parts. During

Central Procurement authorized allocations the period Dec 1974 through Jan 1975 MCAIR re-

FY 75 first quarter 367 ea vs FY 76 first ceived contracts in the following dollar cate-

quarter 350 - 17 ea allocation reduction, gories:

Note: Salient point from the above - 84% of $10 $2,500 - 121 a

our contractual actions spent 8% of our pro- $2,500 - $5,000 - 22 es$5,00 - $15,000 - 30 ea,

curement dollars and with reduced manpower $5,000 - $5,000 - 30 e.
aloain.$15,000 - $50,000 - 16 caallocations. '

Total w 189 Contracts

The fourth part ot the problem was analyzed

with J041 statistic Sample Cycle 4 information As can readily be seen, MCAIR received a pre-

which showed: ponderance of small purchase contracts result-

Ing in a parallel situation of disproportionate

expenditure of their resources.
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The second phase was ro flow the procurement CAIR: Sample common parts across all F-4

) I process through our major suppliers (using s-ries were priced to a past vs current posture
MCAIR as a:, example). Steps: Tc this posture was added a limited set up

lector (compensate for tailing down of produc-
1. Buyer would receive small purchase PR. Llon of aircraft) "+ current rates vs past time
2. Prepare solicitation and mail. rats were applied and difference between com-

S3. Buyer would follow up with 1VX' and putarions resulted in the yearly time factors.i :[ telecons.

4. MCAIR would take up to 30-45 days to AUIONFTICS: Different years of pricing history
respond. were re-ebtLimated to -urrent pricing conditions

5. Buyer would attempt analysis and negoti- which included updated vendor quotes, Differ-
arion without certified cost datta. ence between yearly estimates became time

6. Buyer normally would request an extension fa,".ors to apply, i
of qtote while Jn the "tug of war" for
eost data on these small purchases. BOEING: Unique -Ituation - cost breakdowns al-

7. Confirming wire received on price and ways provided regardless of dollar value. 1'
delivery. Therefore, past cost breakdowns ire used adjust-

8. Price documented on small purchase PNM, ed to current PR quantities and negotiatd ACO
DO Form 1784. forward pricing rates are applied; contracts

9. Contract submitted for l'CO review. are issued.

10. Contract issued.
The fifth phase concerned controls on'the

The above ten steps rook an average 50 to 70 pricing arrangements:
days of administrative tJt.e. Objective: Equitable earnings to contractor

and with Government protection was achieved by:The third phase was to determine if valid past
rices were readily available so that the b lyer Cost segregations by quarters/semi-annual by

could, upon receipt of purchase request (PR), our ALC contractors. Contractor's reserve
apply a time factor, utilize the past delivery right to perform a reasonable check on con-infora tlon for the part number on the PR and tracts received by performing a current intern-

issue a small pre-priced purchase order contract al estimate based on current plant conditions
the same day as PR is received without a solicl- and rates. If total internal estimate is with-
ation to the contractor and doing away with in + or - 5%, then contract price is firm; if
Steps 2-8 of above. For example: not, contract adjusted (Autoneties and Boeing .

Steps 2-8 Co). Twice yearly cost vs contratts issued are
reconciled if earnings are within + or -5% of

PREVL E C target earnings; no adjustment made. If out-
Q UOT EVA NEG DOC ARD a ide of to lerance fac to rs, adju stm en ts are madeE -f to the time factors or voluntary refunds are

the buyer has a valid prior price made by KCAIR (only).
to ase in conjunction with a negoti-
aIted forward pricing factor. IEUT ~RESULTS

In this third phase, different methods were
used in establishing the pat base prices as
h.ng valid for forward pricing purposes. Ogden DIPP, under this unique concept, has
,CAIR: Approximately 700 part numbers were issued contracts (which our three above con-
substautiated with cost analysis and audit and tractors would accept without solicitation, Inegotiations due to a MCAIR cost accounting not knowing what part number or quantity was

change (Analog 12+3, 1971'; therefore, valid being contracted for) in one day with a minor
past prices for these 7P' part numbers were amount of administration costs which removed
available, the administrative lead time and consequently
AUrONETICS: Two job orders - concurrent spare contractors delivered in a shorter period
parts and nonconcurrent spares were verified in which was greatly more responsive to the PR
total which showed a loss/marginal profit to tin need dates.
contractor. A statistical sample of part num- VOLJME & STATISTICS (as of Feb 78)
bers was verified with the cognizant field
APRO office. Contracts issued 2,568 ea
BOEING CO: Statistical sample of part numbers Dollars contracted $9,612,837

were verified by the cognizant AFPRO office as Average contract value $3,743
he-ng the latest actuals (per part number ac- *Average dayq to issue 1,.6
counting system). 2 of del ivery changes 22.8%

I errors made 5.2Z
The fourth phase centered on a pri-ing for.-.la Do] lars credited back to
which could be applied to "past" prices whIch 00-ALC $415,000
would consider the difference in time and re- *from PR receipt to contract distribution con-SuILt in "present" day prices. Method developed: side:ring routine handling Fr-m 50 - days to
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15 or 70% improvement. Could be 100% improve- systems.
ment since capability ir there for one day
issuance. NCAIR has reduced estimators (lower "Spin out" benefits. Subcontractor delivery

overhead). and prices were notably improved due to firm
contract requirements rather that% a "what if"

By immediate placement of orders under $10,000 quotation condition. Flow time value: AFl.C-
(upon receipt of purchase request) allows USAF wide one day stock fund equals approximately
to compress the procurement lead time and one million dollars in inventory.
actually shortens the production lead time
which substantially improves contractor's de- Initially 00-ALC DIPP 'eld these agreements to
linquency rates. The administrative costs, a threshold of $10,000 per line item (contract).
i.e. proposal preparation, reviews, reproduc- This was expanded to $25,000 per line item.
tion, transmittal including postage, TW ' tran- As refunds and adjustments were made and statis-
smitting supporting data, or extending quota- tics proved that these arrangements were work-

tions and negotiation telecons all have been ing, benefits (verified) were occurring.
saved on the 2,568 ea contracts issued as of
Feb 1978. Current plans include contact and preliminary

work completed with the following potential

Cost savings of personnel have been re.alized contractors:
in the estImating department (MCAIR). Con-
tractor has appliad his estimating talents to Westinghouse Electric, Baltimore MD - APQ 120
the larger, more complex procurement proposals. Chicago Aerial, Barrington IL - Camera,Sysrs

Further, new program proposals are being pre-
part-! with the existing personnel (to our know- Texas Instruments, Dallas TX - Radar SXstems

ledge). Instead of potential sales In this
area, the contractor now has firm sales, as Further plans are to raise the threshold to
each 1155 and or priced order is a contractual $50,000 then $100,000 as inflation continues
Instrument to proceed. and manpower decreases and the benefits of

this method of procurement are further proven.
Discussions with our contractors indicate I cm

sales vs potential sales is a very significant
asset, not only to themselves but to their REFERENCES

vendors, also significantly impacts deliveries.

for example:
foR exampl: (1) ASPM #2, 31 Mar 1976

MCAIR (Data thru Jul 76)

Ist 9tr 2nd Qtr (2) ASPR 1-109.1

Nr H contracts 172 241
Nr Line items 202 284 (3) ASPR 1-312

Of the line items 39 - FMS 34 -FS
Items delivered early 131 - 70% 177 - 72% (4) ASPR 3-807.3(g)(1)
Items delivered late 18 - 10% 11 - 5%
PR required delivery: (5) ASPR 3-807.12
Early 78 - 50% 138 - 78%
Late 38 - 24% 13 - 72 (6) ASPR 16-813

CUM (7) JAG Legal Opinion, 28 Mar 1977

Thru Jul 76 Thru Jul 76
Boeing Autonetics (8) J041E9RM

Nr Contracts 135 102 (9) Manpower Source List
Nr Line ite-is 143 107
Item with deliveries 78 34 (10) PL 93-356
Items delivered early 78 - 100% 34 - 100%
Items delivered late 0 0 (11) RCS LOG PP(Q)-7402
PR required delivery:
Early 65 - 832 32 - 94%
Late )3 17% 2- 6%

Under this unique concept, 00-ALC D/PP has:

Reduced administrative costs to both D/PP and

the various contractors which has considerably -

shortened the procurement lead time given to
the Contractors for production time and conse-
quently, has improved delivery times; also im-
proved the "ll rates" of assigned weapons
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L Clonal Lee A. Rigby, Deputy for KC-10 Joint Program Office
KC1 RCRMN VRIWsupport procurement methods. one of the most i!

revolutionary steps taken by the KC-10 Program
Office was the decision to procure contractor

The KC-.'.O (also, Advanced Tanker/Cargo Air- logistics support of a major weapon system
craft (ATCA)) program began during the 1967- concurrent with the procurement of the system [
1970 time period when both the Air Force's itself. This decision was based on the con-

Strategic Air oMnnnd (SAC) and Tactical Air clusion that concurrent procurement would
Command (TACt reeoguized a requirement for in- force early consideration of support require- [

- -creased air refueling capability. The Air ents in the acquisition contract, encourage

~Foroe, therefore, conducted a study of ad- mnaximum co.;...:ition for the logistics sup~artI

vance! tanker design options which emphasized contract, and foster innovative support p--o- !
=! new aircraft capabJilities and costs. All new posals. Additi onally, more a curate life

_ design optic.,- . e foun.] to be cost prohibi- cycle cost estimates for aircraft selection ~

ted to determine the feasibility of converting costs would be known.A
. an existing wide-body commercial aircraft into
t a military tanker aircraft. Simulated refuel- The overall approach to the acquisition of the.

ting hookups were completed using a modified KC-10 was also novel in that the Air Force set c'
_ B-747 aircraft and foremating tests were com- out to fin~d an existing aircraft that met its :l

~plated using a DC-IO. Simultaneously, renewed needs in lieu of designing, building and test- .L
iinterest developed in an bdvanced capability ing a system from the "ground up." The Boeing

Vt C

ffi cargo aircraft. As a result of these activi- 747 and the Douglas DC-10 freighters were con- o
ties, the Air Staff issued A Program Aanage- sdered in order to take maximum advantage of

sneat Directive (PMD) to th ee A .F riy Dstems comierc-al investment existing facilities and
Command (AFSC) in February 1974. The P4D di- an on-going roductnc t lne. The aircraft

i retted the n-quisition oF a commercial wide- competition w as limited to FAA certified wide-

body fr-eighter aitrraft m.,'ed only as neces- body freigpter aircraft to reduce the Govern-

-Lsary .c, provide an nit: -1.fueling capability, meat's develrprient Investment required to
Santi fully exploit th--- sj craft'o cargo carrying qualify other wide-body manufacturers. An FAAcapability coomen~surr,, with the Inherent de- oertifica, !o n requireMe was imposed to allow

t

sign oe theefora, ondce axstiy fuad- axe Air crce to ake advantage o existing

structure. hddi.-Ictially, AFSC investigated the commecrcial investme--it, design, prt letion andacost and odsfictions required to provide a quality control conceps, thereby reducing

noercaweb1- rihe aircraft cwitlhie overal costs. All new~r posls Adianny more cerur t ife d

oversize trd 4tlt.ze argo capability. It also freighter also Insured teat cormercal inte-

te o eter mine th- e-b
a  

feiityr ofrcoratwingoer costs. b e w .ceo nFAerfid

made a coprel.eai9ve survey to assess the abil- nanee systems were already in existence. :
ity of industr a irovtde a full range of lo- limiting the aelection to a derivative of an

gistin h upporte coprer going through two startsc a as nctive commercial service, the Air
and stops between 974 and 1976, the procure- oore assured that benefits of spares poolat i

--nt process for the program was inally nd eeds inr repair facilices, trained repair
t delted in aarly 1976. The Request for Proposal specylust-, etc., would be available to sup-

(RFP) fo acquisition was released in August port the aircraft. D er

1976 and cite RF7 'cr the co,,traetor logisticssupport program was subsequently released in The decision to procure logistics support con-
September t976. The source selection process currentl with the aircraft acquisition pre-

Cwas suspended in February 1977 due to the elim- seanted tin ir Force with some interesting
inatdn of funding Ire = a President's pro- problems. Contractors were being asked toide

posed FY78 budget. Afr a slx-month delay, develop a lognsticz support program that
source selection resumed in August 1977 and was would provide support for an uatwn type and

completed In December 1977 with the award of quantity of airplanes located at an unknown
gboth the acquiston and logistics spport con- base or bases. At first glance, the problem

tracts to the Douglas Aircraft Compaty. The seemed bafflng, but further research revealed
aircraft sysem was fubsequenly namd the the task could bc accomplished. The =ethods
KC- . used o accodapli-h this oask wila be ox- n

an sop btweplained In ore depth later in this report.

GEEA RCRMTAPOC C-10 SYSTEM ACQUISIT1ON PROCURE%_.tT--From Its Inception, the RC-1O program has bm . p c ,a

characterized by an innovative eus or ProposalrseC-10 Acquisition Coltract Is or the pro-

deve(opm)nt of new aquiitlon ad logistics ducton engineering (nonrecurring), test an
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production of the KC-10 system. In addition aircraft. Thuc, with each finca vYear. the
to the effort required to modify the commercial Government Ias tile flexibility to purchase
DC-10-30CF aircraft into a KC-IO, the following varying numbers of aircraft at a predetermined
additional tasks will also be performed: price.

a. Initial aircrew training. To insure the solicitation provided adequate
opportunity to propose commercial practices,

b. Predelivery test program, copies of the kFP in draft format were made
available to each contractor for review andc. Logistics support for predelivery test comment. A source selection team subse-

program. quently visited each contractor's facility to
discuss RFP improvement/refinement sugges-

d. Program management and systems engi- tions. Simultaneously, an internal Air Forceneering. review of the draft RFP was conducted to re-

solve significant issues. The result was the
e. Data, technical orders and manuals re- release of an RPP which provided optimum con-

quired for the KC-lO. tractor flexibility to propose commercial ar-
rangements and procedures whxle still retain-

f. Provide KC-10 peculiar support equip- ing the integrity of the Air Force's require-
ment. ments. The draft RFP process also greatly

enhanced the contractor's understanding of the
The overall philosophy, as stated above, was overall procurement, resulted in the submis-
to take maximum advantage of the existing com- sion of complete and comprehensive proposals,
mprcial wide-body aircraft investment, exper- and greatly facilitated the overall source
lence, resources, and business stricture, selection process.
Additionally, a contractual program was de-
sired which would provide flexibility to accom- The source selection was conducted following
modate future funding fluctuations without re- the provisions outlined in A=R 70-15, "Source
quiring aircraft price renegotiation. There- Selection Policy and Procedures." The Secre-
fore, the following ground rules were estab- tary of the Air Force was the Selection
lished for the KC-l0 acquisition procurement: Authority for both the acquisition and logis-

tic support efforts. The Source Selection
a. Existing commercial practices would be Advisory Council was jointly organized under

used to the maximum extent possible even on an Air Force Logistics Command chairman and
the military modifications. This would in- an Air Force Systems Command deputy chairman.
elude business as well as technical and manage- Further, the Source Selection Evaluation
ment considerations. Board was formed with resources from the-I Joint Program Office forming the nucleus.

b. Federal Aviation Administration (FAA) People were drawn from many Air Force com-
type certification would be obtained on the mands and placed on the technical, operations,
total aircraft. This would include certifiea- logistics, management, contracts, test and
tion of the military modifications, cost panels.

c. Military peculiar modifications to the Selection of the KC-1O aircraft was based on
basic commercial freighter would be made in- an integrated assessment of evaluation areasI- line. set forth in the RFP utilizing formal source

j selection procedures. The selection was
d. Military specifications and require- based on the evaluation of all areas, includ-

meats would be held to a minimum. ing capability, cost (including life cycle
costs), management and production syste.is,

e. All nonrecurring costs would be incur- technical risk, supportability and schedule.
red during the first two fiscal years of fund- "Terms and conditions" were also evaluated,
Ing with no cancellation costs remaining; at including evaluation items for each offeror's
the end of nay year. Such an approach would overall business arrangement and certiflca-
enable the Air Force "to bite off" a little tions and representations.
piece of the program at a time without incur-
rin3 a large termination liability. To do An initial contracting obstacle was the de-
this, the contract strategy and structure pro- velopncnt of a procedure for equal izing the
vided for discrete efforts for each fiscal disparity in price and capability existing
year with no obligation to start the next between the two candidate aircraft. It was
year's effort, determined that normalcy in the competition

could be achieved by stating "funding bogeys"
f. An aircraft Unit Price Matrix (UPM) in the RFP for FY77-82 based on the Five Year

would be included to provide aircraft prices Defense Program (FYDP). This profile was re-
accommodating varying fiscal year funding ferred to in the RFP as the "green line" pro-
levels. This UPM established firm in-base file. The contractors then used this profile
year 76 dollars for each of two to sixty to bid the maximum number of aircraft that
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could be provided each fiscal year after all framework of Government procurement rules and
nonrecurring engineering and test effort was regulations. A brief summary of several of
accomplished. The resultant aircraft quanti- the more significant contract provisions and
ties and their inherent operational capability features follows:
were then compared in the performance of speci-fied missions in the evaluation process. a. Federal Aviation Administration (FAA)

Based on the fiscal year structure used in the Requirements This provision stipulates that

solicitation process, the acquisition contract the KC-10 aircraft must be FAA certified and
was eventually structured in the general for- sets forth the FAA certification documents
mat graphically summarized below: associated with the aircraft's development and

-: production which must be provided. Another

provision of thie contract, "Configuration
I Management," also requires that changes in FAA

5k )1 U ( certification requirements will be incorpor-
" 1. 3t V - - ated in each undelivered aircraft at no

-ebody aircraft and pro=u!Znted within 18

N 0 : months after contract award, or unique to the
0 C- u DC-10 regardless of when promulgated. This

approach is considered consistent with com-
Smercial aircraft procurements.

b. Special Data Provisions. This pro-

I. vision sets forth the rights that shall be

CI0 provided with all data delivered under the
1 contract. All data associated with KC-1O pe-
$4 a 4 culiar requirements generated under this con-
a ,J 41) &J I" W 4u W 4tract slhil be provided with unlimited rights.

54 a CS : 2 1.ll other data shall be provided with special
) t. CI & k U W rights which shall permit its dissemination

0.-4 4 - by the Air Force for competitively procuring
C - :9 = a 0 0 9 all future logistics requirements for any

A. s 4 Government-owned DC-10 type aircraft, with the
- U W a . exception of parts manufacture.

" v V6 . A. . Economic Price Adjustment (EPA). Option
aircraft for FY80-83 are priced in FY76 base
year dollars. The contractor proposed their

4-4 r.. o .4 eN commercial EPA clause to adjust base year
., Co 0 00 0 oprices to the time of aircraft delivery. The

clause adjusts the airframe and engine prices
individually. The Airframe and engine base

(*.4 .cq ' n% year prices are adjusted by the following es-
0 0 i r r- tablished indexes:

a. 0. c6 0. 0. c INDEX WEIGHT

Airframe Average Hourly .75 3

In addition to the uraque approach of provid- Gross Earnings Per Pro-
ing a quantity of aivcraf, for a givrai Govern.. duction Worker on Pay-
ment investment versas cig a spe.:ific air- rolls of Nonagricultural
craft untity, the sl Ltation also offered Establishments - Durable
each offeror the opportunity to propose com- Goods (SIC 3721)
mercial provisions which were consistent with
their existing business structure. This ap- Wholesale Price lndex of .25
proach was referred to as the coutrtctorta Industrial Comodities
"Beat Business Arrangement" and uss an evalu-
ation item in the source selection process. Engine Hourl) Earnings of Air- .333
The Government formulated "Best Business craft Engines and Engine
Arrangcment" objectives to evaluate the con- Parts Production Workers
tractors' proposals against. All terms and

condition3 proposed were assessed for reason- Industrial Commodities .333
ableness and acceptability. Commercial pro- Index
visions proposed were generally accepted,
with negotiations concentrating on tailoring Metals and Metal Pro- .333
them so ad. to be acceptable within the general ducts Index
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d. Special Progress Payments. All pay- and are based on the RFP's Green Line funding
ments for nonrecurring effort shall be made profile. This option arrangement provides
pursuant to normal Armed Services Procurement for the procurement of 20 total aircraft. In
BeguiLtion (ASPR) progress payment procedures. the event different quantities are ordered in
Production aircraft will be paid for pursuant any fiscal year, aircraft are purchased from
to a predetermined payment profile based on the UPM which results in different prices de-
estimated in lieu of actual costs. This pro- pendent on the quantity of aircraft procured.
file is based on historical cost accumulation The Matrix includes individual base year
experience associated with the fabrication of prices for a quRntity of 2 to 60 aircraft.
a commercial DC-10. The contractor is re- The contractor priced each aircraft using the
quired to provide a certification that pay- following formula: Cowmercial airframe base
ments made at any point in time do not exceed price + KC-10 peculiar base rrice - airframe
80% of costs incurred to date. discount - net airf'-mc base price + engine

base price - total net base price. The pric-
e. Warrantv and Service Life Policy. ing structure is consisrant with commercial

Douglas proposed their standard commercial aircraft pricing arrangements. The UPM af-
Warranty and Service Life Policy to cover all fords the flexibility to procure varying
aircraft and other deliverable equipment. The quantities of aircraft depending on fiscal
logistics support contractor can act on behalf year funding available. All options must be
of the Government in using all warranties, exercised by 1 December of each year. They
Douglas expanded their general warranty cover- must also be exercised consecutively and for
age from 2 years after aircraft delivery to 5 at least the minimum quantities set forth in
years to be compatible with projected KC-10 the contract.
usage factors, 1-1/2 hours per day, 540 hours
per year. Design defect warranty coverage has i. General Provisions. The KC-10 con-

also been provided for a 24 month period after tract contains essentially the general pro-
aircraft delivery, with all defects also to be visions required by the ASPRs, except where
corrected in all undelivered aircraft. The minor deviations were granted. In audition,
service life policy provides coverage on selec- certain general provisions have beer made an-
ted airframe components for 10 years/30,000 plicable to KC-10 peculiar requirements only.
hours and selected landing gear components for These provisions (e.g., Cost Accounting Stan-
10 years/30,000 hours/20,000 landings. Ad- dards, Administration of Cost Accounting
justments under the service life policy are Standards, etc.) are not applicable to arti-
made on a "prorated" cost basis. The warranty cles whose prices are based on commercLility
includes several KC-10 peculiar structural (i.e., DD Form 633-7) and were so limited.
components in addition to the items normally
covered under their service life policy for J. Quality Assurance and Manufacturing
the commercial aircraft. Processes/Procedures. ^aality assurance and

manufacturing shall be accomplished in ac-
f. 4ost Favored Customer War:anty. This cordance with the contractor's FAA approved

warranty is a contractor commitment that the quality and manufacturing systems. It was
price charged the Government for the basic determined that the existing approved FAA
aircraft portion of each KC-1O shall not exceed systems in both areas were consistent with
the price charged any other commercial cus- applicable Government requirements.
tomer for the same basic aircraft moel deliv-
ered during the same time period. The pro- k. Testimru. The aircraft testing will be
vision also provides similar price protection accomplished by the contractor during a six
for catalog spare parts, standard commercial month period between April and October 1980
aircraft changes, and aircraft changes re- on the first KC-10. Air Force testing will
quired to meet FA certification requirements be limited to those changes required to con-
in all undelivered aitcraft. vert the DC-10 to a KC-10 and insure that all

specification requirements are achieved.
g. Follow-on Price Warranty. This pro-

vision is a contractor commitment that the Air 1. Spares Acquisition Integrated with
Force will continue to receive most favored Production. Provisions were included in the

customer status an defined in each contract's acquisition contract to require the contrac-
Host Favored Customer Warranty provision in any tor to reduce the acquisition price of KC-1O
future KC-IO procurements. peculiar spare parts and improve logistic

support by (1) concurrent ordering of cert&ain
h. Options. This provision sets forth the selected spAre parts with the end item to cake

options provided to the Government for pir- advantage of quantity and production econo-
chase of production aircraft. It provides miss, and (2) securing proposals for firm
latitude to purchase aircraft through 7T83 at prices for spare parts te be supplied to the
predetermined base year FT76 prices. The Government as investment ma:ertal.
Option clause sets forth two option environ-
ments. The basic (Green Line) option quanti-
ties and prices are set forth by fiscal year
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KC-1O LOGISTICS SUPPORT PROCUREMNT and defining specific maintenance rasks tnat -

will have to be performed.

Under the KC-1O logistics support concept, the The investment material component is comprised
contractor is responsible for the majority of of all spare parta, support equipment and any
the KC-10 support effort. The contract sup- other materials that arc needed to support the
port arrangements are predicated on operations aircrr.ft. Materiel required to provide for
being conducted primarily from a Main Oper- replenishment, obsolescence, et-., is specif-
atLing Base (MOB) with short duration staging ically excluded from the Initial investment
operations possible from other bases. Longer component. Because the KC-!O was expected to
duration deployments involving establishment have a high degree of commonality with com-
as operations/raintenance capabilities at for- mercial versions of tile aircraft chosen, it
ward operating locations are not contemplated. was expected that the logistics .sul port con-
The supply support concept is for the con- tractor would be able to use exis' ig co-.er-
tractor to support KC-1O spares requirements ci.l 2n,,entories to provide a por..on of the
from a Contractor Operated and Maintained investment mal.ricl required. Accordingly,
Base Supply (COMBS) activity loc:-te2 on the the offerors were given tile latitude to con-
FOB. ,:ite -n-ctor may use any ..ailable mingling materiel specifically pLrchased for
commercial sourca when support for the KC-1O the KC-1O effort with existing inventtLries.
is required away from the MOB. The Air Force The contractor will stack investment materiel
is responsible for the overall KC-10 mainte- to support our operational reqViraments atd
nance management effort as well as organiza- use the commercial base as the situation dic-

tional end intermediate level maintenance, tates.
A Specifically, the -i.ork performed by Air Force

personnel falls into s!. categories; pre- The MOB activation :omponent is comprised of
flight check/inspectifr., turnaround check/ the°nonrecurring effort necessary to activate
inspection, postflight/servicing inspection th" contractor's operations at the MOB(s).
check, routine phase check, minor corroslin The efforts include moving employees to the

control check, and nonroutine/corrective MOB site, preo F.tig the necessary corm'Anica- I
action maintenance. The contractor is re- tions, furnishngs, shelving and warehouse
sponsible for all other intermediate and all material h3ndling equipment.depot level maintenance functions. 

.

The flight hour component encompasses tile
in order to solve the uncertainty problem labor effort and material necessary to oper-

causel by the concurrent procurement of logis- ate the circraft on a aaily basis. In per-
tics support and the acquisition of the air- t)rmance of this effort, the contractor pro-
craft, an attempt was made to break the logis- ides replenishment spares, spares mainte-
tic support effort into its similest compo- nance, periodic aircraft inspections and the
nents. After many meetings with logisticians, maintenance effort for all support equipment,
maintenance Dersonnel and operational Air except that drawn from USAF inventories. The
Force organzations, the procurement team de- costs associated with this effort are a func-

cided the effort could legically be broken tion of aircraft flying hours. Accordingly,i down into ix component parts. These compo- this effort 4s seen as the variable cost per

nents were: (a) a preoperational period, (b) flight hour portion of the maintenance effort.
Initial lay in of spare parts and support
equipment, (c) the mobilization effort neces- The f-fth category of effort consists of all
Pary to activate the MOB(s), (d) flight hour fixed cost activities necessary to maintain
component, (e) the fixed cost of operating and and operate the contractor's activities at

maintaining the MOB(s), and (f) a catch all the YOB. This effort consists of such activ-
area referred to an over and above. ities as providing supply and clerical per-

sonnel necessary to manage the spar. parta

The preoperational peris aes defined as the operation, providing contractor field service

pariod of nimi! from coat act award date until representative to act as advisors to the Air

the delivery of the f.ra, operational aircraft Force performeA on aircraft maintenance effort,

(approximately 33 months). The effort re- and pro'/.ding the housekeeping supplies and
quired of the contractor during this period services necessary :o operate the MOB.

"--I is sten as a planning and coordinating task.
Specific examples of tasks that will be per- A sixth, Onpriced area called "over and above"

formaed durinS this phase of the contract are -was added to the contract. This category in-
developing an. Integrated Support Plan, per- cl.udes all work required by the contractor
formins an aralysis and review of KC-10 sup- tUL noL included in the previous five cate-
0ort equipment requirements, performing an In- gories. This categery is ue- as emergency or
depth study of materiel handling equipment re- special contingency type work. The r"¢ces - 3
qt-ireents, evalating the effect of proposed and performance periods for over And above
aircraft cnfiguratlri. changes ol the support- %-rk will be negotiated at a time when spe-
ability of the KC-lO, provisioning of both efic over and above work ii idetifled. A

aircrafr and support equipment spare parts, Over and above work includes such things as
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field team crash damage repair, unscheduled This matrix operates as follows. Suppose

heavy maintenance, aircraft modifications re- that the Air Force has a projected KC-1O
sulting from service bulletins or engineering fleet of three Pircraft. For the first year,
change proposals after the aircraft are Option one would be exercised for three air-
placed in service and flying hours in excess craft, with a ceiling price of 15.3 million

of those provided for in the flying hour com- dollars. Upou option exercise, the contractor
7,:.nent of the contract, begins his provisioning process and determines

the kinds and quantities of returnable invest-
In order to contractually accomnodate this ment material required to support three air-
breakdown of the effort requlred, the logic- craft. The contractor then compiles a priced
tics support contract made liberal use of re- listing of the required material and submits
curring options. The bauic contract served the liating to the Air Force for review. The
as the procurement vehicle for the preoper- Air Force then reviews the listing for the
ational phase effort, an unpriced line item purpose of determining if some listed items
was incorporated to provide the over and above may be available from existing Air Force in-
capability and four options were established ventories. If items are available, then the
to provide the capability to procure the re- Air Force can remove them from th- listing
ainder of the effort, submitted by the contractor and provide

Government equipment to perform the required
The option to provide the returnable invest- tasks. In the event of such substitution,
ment material is a recurring option. It con- the ceiling price is reduced by an amount
sists of a matrix of ceiling prices which equal to the corresponding amount on the
allow the Air Force to procure returnable in- priced listing originally submitted. The con-

vestmznt material for 1 to 16 aircraft at from tractor is then paid for equipment purchased
I to 3 MOBs. The Air Force has freedom to as it is delivered up to the ceiling price
control both the number of aircraft and the amount. The contractor is required to provide

number of MOBs. There is no requirement to investment material in sufficient quantities
completely fill one MOB with 16 aircraft be- to support a 1200 hour per year flying program
fore activating another MOB. for each aircraft. If the provisioning model

used by the contractor does not provide In-
It is stressed that the matrix is composed of vestment material adequate to mvet the per-
ceiling prices. The matrix contained in the formance parameters set forth in the contract,
contract appears below: the contractor is obligated to procure addi-

tional investment material. Should this be
ooio necessary, however, the contract price willCn

N N %0 r, a only be increased to the ceiling price. Any
0 0 - 4 o 4 N N N 04 NC4 M material required after the ceiling price has

'-I been reached must be provided at contractor
-4

expense.

If, at some time in the future, the KC-1O
v! v!.I........!.. . .. . . force size would be increased to 10 aircraft,

0 N f r 0 0 r % 0 0 0 t 0 %D the option ceiling price would be increased
S)to 31.4 million. At this point, the con-

tractor would start the process over by sub-
mitting a proposed list of equipment to be
purchased with the additional 16.1 million
dollars to support the 7 additional aircraft.

WM i N U%4NNMM.NM Contractual coverage for the site activation,flying hour program, and MOB operation por-

tions of the logistics support effort was
also provided through the use of options.
Option 2 for site activation is exercised
once for each MOB on a fixed price basis.
Option 3 (flying hour program) and Option 4
(MOB operation) are exercised on a recurring

0 . fiscal year basis. Option 3 prices are fixed _41
H prices on a flying hour dependent matrix and

eo ~ Option 4 prices are fixed prices ot an air-
4 plane per MOB dependent matrix.

e The requirement for an exercise of Options 3
and 4 each fiscal year places a requirement
on the Air Force to take positive action each
year in order to continue the effort under
this contract. In the absence of this
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positive action, the contract simply expires, the logistic support contractor's inventory

all returnable investment material procured of such items that is maintained in support
through Option I is retained by the Air Force, of the commercial users of the DC-IO.
and no termination liability is incurred by
the Government. The end result is a contract Because the contractors were asked to quote

with built-in flexibility to allow the Air firm or redeterminable price arrangements for

Force wide latitude in the area of contractor logistics support extending to September of

logistics support. 1984, it was felt that the contractors would
build in an excessive hedge against inflation

The use of contractor lo~istics support re- unless an economic price adjustment provision

suIts in a significant reduction of facilities' was included in the contract. Since the pre-

investment cost to the Air Force. These say- operational support effort called for by the

ings were realized because the logistics sup- basic contract will be completed in October

port contractor chose not to invest in any new Y6%, t.e didn't feel the risk of inflation

repei. or maintenance facilities, but to use on the coot ot this effort would be too great

existing excess capacity in the hands of the for the contractor to assume. For 'this

commerctal ichines. Although no single air- reason, the economic price adjustment clause

line hat, reserve capacity great enough to negotiated and included in the contract is

handle all of the KC-IO requirements, the applicable to the Option provisions only.
total of this excess capacity is more than
adequate to meet the KC-lO's needs. The The economic price adjustment clause in-

logistics support contractor is able to take cluded in the logistics support contract

advantage of this excess capacity by the use adjusts the Option prices in accordance

of extensive subcontracting. with the movements of the Department of Labor
Index of Employment and Earnings, SIC 3721,

When a part or defective item of support and the Wholesale Price and Price Index for

equipment is turned over to the logistics industrial commodities. For Option 1, which

support contractor, he turns it over to a contains a great maay spare aircraft parts,

commercial FAA certified repair facility, the movements of the metal and metal pro-

'The details of accomplishment such as modifi- ducts classification of the Wholesale Price

cations, improvements or configuration stan- and Price Index have also been factored into

dards will be managed by the contractor. the economic price adjustment formula

The repair agency will be tasked with pro- During the proposal evaluation the movements

viding all the effort required to complete of these indexes were gathered for the last

the repair. There will be no exchange of ten years and were analyzed for any indica-

compopents at the repair facility. The same tion of abnormal movement. This analysis

p~rt wilt be returned to the logistic support revealed that the indexes acted as a reason-

contractor upon completiort of the repair. able predictor of actual economic conditions

This lei:ure assures that KC-1O components and that no significant advantage would have

will all retain the same configuration status, been gained by the contractor over this
period of time if an agreement identical to

Another savings advantage accrues to the Air the contractual economic price adjustment

Force in the area of provisioning. At the provision had been in effect.

time of KC-10 provisioning, a cumulation of
data compiled over three and one half million In the operational aspect of this contract,

flying hours of commercial DC-1O will have the contractor has been given physical con-

been amassed. Employment of a contractor trol over the resources required to support

originated computer program utilizing Mean the KC-lO. This may not sound like a great

Time Between Failure (MTBF), removal rates, achievement, but it is in the area that a

flight fiequency, minimu protection level, tremendous "hidden savings" can be realized Ni

aircraft utilization, : )air turn-around time, by the Government. By placing the property

and procurement lead tiue help to insure that under the control of the contractor and by

only the minimuta number of spares required to not entering the purchased equipment into

do the job will be purchased. the Government property control system until
C d i n t asuch time as the contractor logistics support

is discontinued, the Air Force relieves it-

gained by not having to procure high dollar self of a gigantic record keeping task ard

low usage spare parts (Insurance Spares). the associated overhead costi that go with

Insurance items are always expensive and are it. Problems of inventory ceutrol, config-

usually not actually used. They are gener- uration management, procurement of small lot

ally procured and stored in a warehouse. If sizes, product shelf life, piiferage, etc.,

they are used, it is generally only for th are nowj problems that must be handled by the

period of time that it takes to repair the contractor. Although the costs for these

damaged unit. If and when there is a need functions must, by necessity, be included in

for such itens on the KC-1O, we will be able the contract price, the logistics support

to rent an item for the period of time it contractor In working with a spectilized sys- -

takei Lo got the damaged Item repaired from tem designed for the task at hand. This
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* "specialized system allows the contractor to
manage and control valuable resources in a
very efficient manner that is not obtainable
in the large cumbersome omnibus system estab-
lished for the control of Government inven-
tories.

At the same time, the substitution capability
in Option I allows the Air Force to take ad-
vantage of the Government supply system for
those items that are currently in the Govern-
ment inventory and are being efficiently man-
aged by the Government system. As can be
seen, the Air Force derives the best of both
worlds in the area of resource management.
Items which will be used on the KC-1O which
are not readily available through the exist-

ing Government supply system will be con-
trolled and managed by a small system custom
designed for specific applications. Items
required for logistics support of the KC-10
that have a broader application will be man-
a3ed.and controlled through the existing sys-
tem allowing the Air Force to take advantage
of the economien of scale inherent in a re-
source control system designed for large
quantities of material and equipment.

SUMMARY

The KC-1O procurement is a unique attempt to
convert a commercially proven aircraft into
an advanced strategic weapon system and pro-
vide contractor logistics support. These in-
novations, such as simultaneous award of ac-
quisition and logistics support, the Green
Line, and the Unit Price Matrix, combined
with Lhe inherent flexibility provided by the
contracts, permit the Government to take nd-
vantage of Douglas' commercial structure and
system while remaining within the confines of
acceptable Government procurement practices.

This procurement avoids the expense of devel-
opment costs for a program with a great deal
of commonality with a commercial program. It
further emphasizes an early consideration of
total program costs by the simultaneous award
of the logistics support contract. This had
the dual benefit of forcing early consider-
ation of support costs in the acquisition,
and working in a more competitive ezvironment
for the logistics support contract itself.

Finally, and most important, the Government
is acquiring a greatly improved capability at

a reasonable cost by using procurement tech-
niques which provide the flexibility to best
satisfy the Government's needs.
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MISSION MANAGEMENT: THE KEY RESPONSIBILITY OF PROJECT MANAGERS

Robert Judson, Sterling Institute
(Former Executive Director, Navy Center for Acquisition Research)

EXECUTIVE SUMMARY A basic illustration, manpower and training

needs, is utilized throughout this study.

This research suggests the critical decisions

that must be controlled to assure a successful MANPOWER CONS:DERATIONS

major systems acquisition. The research was
based on an evaluation of the revised stat-
utes, policies and regulations dealing with Manpovsr considerations, like other key con-

major systems, including OFB Circular A-109, cerns in weapon system procuremen's, have suf-
DOD's revised 5000 series, and counterpart fered in the past because of the requirements
changes in statutes dealing with budget pre- determination process. A premature lock-in to
sentation. a single system answer to meet assumed needs

also locked in manpower costs and resources.
Research suggests a clear opportunity to pro- This was not the result of a rational decision-
tect the integrity of major system acquisi- making process but often done by default. Cost
tions by the timely introduction of project and resource characteristics are implicit in
management into critical "front-end" decision- early preconceived specifications of a system.
making, i.e., mission management. Frequently the results of this premature lock-

in could not be appreciated until years later
Past studies dealing with major system acqui- when it was too late to modify basic systems
sitions have suggested that a project manager decisions to consider adverse manpower or other
inherited critical problems based on early de- impacts (e.g., maintainability, reliability,
cisions related to requirements determination, operability, etc.).
Often it was too late for a project manager to
eliminate or significantly modify these prob- Two basic problems are involved. First is the
lems. In such circumstances, the problems lack of an explicit recognition of manpower
loomed as dominant characteristics affecting and training implications in early systems de-
the success of major systems. cisions. The determination, identification and

program establishment for manpower resources
This research suggests that the project manager typically have not occurred until late in hard-

should be a vital contributor to early de- ware development. There is no assurance that
cision-making which can be designed to avoid services will have the number of qualified per-
or mitigate the typical project management sonnel to meet operational requirements on a

problems of schedule slippage, performance timely basis for systems that are produced
shortfall and cost growth, under such a requirements determination pro-

cess.
Specific guidance for a project manager and
specific actions that can be taken in terms of A second and most important problem is that

mission management to assure the success of a manpower considerations have been responsive
program must be set forth as the basis for to, rather than determinative of, equipment
"problem avoidance" decision-making. designs.

A unique concept of staffing early project We have been able for a long time to recognize
mqnagement responsibilities is suggested to the implication of manpower costs and the re-
cover key naw responsibilities in project duction in the size of the labor force as con-

management, at Milestone-O, "Program stituting issues of crisis proportion in terms
Initiation." This concept proposes a mission of affordability and availability of major
management team whose responsibilities embrace systems. What we have not been able to do is
an entire mission area as the beat assurance link these "crisis issues" to incorporation in

for consistent decisions on individual mission an acquisition strategy that would permit us
elements. to address manpower considerations in a

logical and timely manner and minimize the ad-
Practical problems of complying with revised verse characteristics of the manpower crisis.
policies, including budget-related issues, must
be addressed. Changed requirements are sum-
marized along with potential pitfalls in com-
plying with new policies and ways to cope with
the full range 4L new project manager respon-

sibilities.
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DETERMINING MANPOWER REQUIREMENTS REVISED SYSTEM'

There are two key levels of consideration re- Under the revised system of decision-making
lating to the determination of mannower re- inherent it, OMB Circular A-109 and DOD's 5000
quirements. The first might be designated as series reviutons, considerations for manpower

a "general" concern with basic manpower stan- and training -equirements should be an inte-
dards and profiles of the type of operating gral part of a , acquisition strategy. More-
personnel that a Service can expect to have over, manpower "epresentatives should be in-
generally available to operate equipment in volved in the mision area analysis so that
the future. This sort of idealized profile the general stand, rds and concerns for man-
should become an important design parameter to power and training needs would condition the
be traded off against other design considera- search to be perfor qd by the private sector
tions. In the past we have never had such ex- through the technolow' base for conceptual or
plicit design concerns and hence manpower con- n":'n etcrnatves. rhis is an argument for
sider tions were simply those that "fell out" a more aggress. vc use (. our manpower exper-
from the design that was finally produced. ience in conditioning ea"ly decisions which

determine what the manpow,,r and triinlng re-
A second level of manpower concerns has to do quirements are anyway. Th s is an argument
with a specific equipment design, For these for addressing manpower contideratLions in
two levels of concern we need a manpower in- early designs in the search ior competitive
formation system which suggests: (1 general system alternatives.
design considerations (what standard profiles
of personnel might be) 2) detailed manpower
information which derives from the specifics
of a given system.

This Is not a proposal to do one or the other,
it is an admonition to do both. The first
protects the integrity of the, second.

MANPOWER STUDY

_Z The recent Navy manpower vs. hardware study

makes a great point about the absence of timely
manpower considerations in past acquisitions.
The study does not adequately identify the
reasons for this. The lack of opportunity be-
cause of the late timing of manpower considera-
tions, and because of the design turbulence -A
which characterizes decision-making in major
systems, upset any chance for orderly con-
sideration of manpower requirements. No matter
how sensitive an information system is built,
unless there is a timely and solid design base
for the application of the system, the infor-
mation system is meaningless. No matter how
highly motivated the Services are to consider

manpower needs, the Services will not have
success unless the equi- at design evolution
is on an orderly basis . Id incorporates the

general parameters of manpower profile con-
siderations for the purposes of making basic
design tradeoffs.

The Services do not lack for the tilent to
•Intl hlpatc, hdrtnirty ;ul modwl mfinp."ir ani
training rquilremunts tis much ap they lack the ''
opportuniry for this talent to make a timely
Contributlon agairst a firm design base.
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THE FUNCTIONAL MANAGER AND THE PROGRAM MATRIX

Lieutenant Colonel Mart~n D. Martin, Air Force Logistics Command

INTRODUCTION TABLE I

ADVAh'TAGES AND DISADVANTAGES OF PROGRAM
In an environment of declining resource MANAGEMENT AS AN OkGAHIZATIONAL STRUCTURE
availability, program management has been
advocated as a technique which can be of
assistance in obtaining better resource
utilization. Program management as contrasted
with functional management will in this paper
be considered as synonoous with project and Advantages
product management, even though a case can be
made for definitional differentials. For each, Planning is facilitated by using Program
the ultimate objective is the development and Evaluation Review Techniques (PERT),
production of an item to satisfy a specific Critical Path Method (CWK), etc.
operational requirement. Finanetial Control is improved.

Organizational flexibility is enhanced.
Better integration of system components is

BACKGROUND possible.
More flexibility for trade-offs between

system parameters.
In the Department of Defense (DOD) the end Higher visibility for problem identification
result is generally the production of a and correction.
specific weapon system for introduction into Resource accountability is improved.
the operational inventory. With the Leverage for subordinate cooperation and
functional organization structure (See Figure motivation.
1), each program would be the responsibility Independence to resist unwarranted change
of each functional manager in terms of (gold plating).
accomplishing a given function, such as Independence to facilitate change, when
procurement or manufacturing. The difficulties warranted.
of using this type of organizational structure More efficient use of specialized personnel.
for weapon system acquisition are many. The Provides continuity, stability and consistency
difficultieu are reflected in Table 1 as for the accomplishment of the assigned
advantages for .prograu management and vice mission.
versa. Provides a life-cycle cost horizon for plan-.

ning.
Appeal mechanism through accessibility to top
management.o

FIGURE 1

REPRESENTATIVE FUNCTIONAL ORGANIZATION

To aagement

Procurement
Engineering Maufacturing Comptroller Other
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Facilitates and Improves ccmmnnication. Several variations for program management;
Provides managerial traiaing to cover manage- i.e., matrix, projectized, etc., depending on

ment succession, your frame of reference, as contrasted with
Fosters a spirit of competi:ion for better the overall organization exist at ASD. For
resource use. example, the Deruty for Propulsion has been

Permits management focus for mission comple- established to manage engine acquisition. The
tion. organization operates in . multidimensional

matrix comprised of the ASD functional staffs,
such as procurement and manufacturing, the

DisadvantageR airframe system program offices, such as the
F-15, F-16, and the A-1O, and the engine

Requires high level of coordination between manufacturers, such as General Electric,
the Program Manager and other functions. Williams Research Corporation, Fairchild

People can become too committed to the program. Renblic and Pratt and Whitney.
Specialization gives narrow perspective - can
have a problem of obsolete technical skills. The organizational problem arises in the

Creates high potantial for organizational conceptual phase of the weapon acquisition
conflict, process. A SPO cadre is selected. !he

Dedication of resources to speciplized task Program Manager assisted by this staff .ind
gives resource inflexibility. the'ASD functional staffs, then organizes

Introduces complexity into the overall and, staffs the program office. Personnel
organization. from the functional areas of procurement,

Tendency is for the program to become a manufacturing, engineering, etc., are
permanent organization. colocated with the program office on an as

required and later as validated by a workload
assessment study basis. Research indicates
that competition for manpower resources is
greatest in this phase (I). From the stand-

Thus, the three product divisions in the point of the overall organization (ASD), the
Air Force Systems Command are established vain value of this structure is the mobilityand utilization of manpower resources which
organirationally in a specific system program
office (SPO) configuration. At the Aero- can theoretically be shifted to meet mission
nautical System Division (ASD), the matrix requirements. The purpose of this paper is

structure has been adopted. (See Figure 2). to examine the role of the functional mnger,

FIGURE 2

REPRESEU1TATIVE MATRIX ORGAN17ATION

STop Managerent I

I .... Procurement JS

Engineering ManufacturingOte

System A" -

System B
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L specifically, the procurement and manufacturing rescinding a colocation assignment and issuing
SLnager, in this matrix organization. a new letter assigning a specific resource to

a different location. However, the system does
not work in this manner. The colocated

EXPERIENTIAL ANALYSIS functional manager does not like to see his
resources diminished by reassignments. He is
aware of the difficulty in obtaining manpower

The anlysis of the procurement and manufactur- resources, and is consec,,ently not willing to
ing manager's (hereafter referred to as the release them, since, after all, his workload
procurement manager) role will be conducted may increase and then where will he get people
using pertinent factors from Tabie 1. These to do the job. Also, the release of manpower
advantages were developed as teiLted to the resources may well affect the grades of the
perspective of the program manager, however, people who work for him and possibly his own
many of them should accrue to the procurement grade, thus a flexible system becomes rigid

manager, as the specialist who manages a and inflexible. Each organization must now be
specific area for the program manager. subjected to a manpower assessment review in

order to free resources and in this situation,
Planning as envisioned for the program manager elements of power and negotiation will often
is not in the decision realm of the procure- determine the ultimate allocation of resources.
tent manager. The planning responsibilities The program matrix has, in other words, assumed
of the procurement manager primarily lie in the nature of a bureaucracy and no longer
the areas of procurement planning (6). These fosters those concepts which gave it birth.
plans include type-of-contract to be used, The bureaucratic rigidity seems most intense
negotiation strategy and tactics, cost during the validation, full scale development
considerations, delivery quantities and and production phases (1).
schedules, quality requirements, and other
business matters. If the procurement manager In theory, the procurement manager should
does not have to obtain detailed guidance benefit from increased conmunication through
from the home functional staff, then the the matrix system. However, he finds that his
planning function is not affected too much by loyalty is in question by both the program
the matrix. manager and the home-office functional manager.

If he communicates details of plans which the
Financial control in the SPO is primarily the program manager has made, he may find that his
responsibility of the program control activity, functional supervisor possibly is not in favor
In this respect the procurement manager is of the contemplated course of action. The
required to coordinate financial matters with functional staff takes action to block the
the program control activity. These same :ogram manager. Thus, in some cases,
types of checks and balances exist under the thwarted, the program manager wants to know
functional organizational format and are a why the procurement manager relayed the
necessity for the maintenance of the integrity information to his functional supervisor.
of the fiscal system. This situation may occur in reverse order.

Assuming a defensive posture, the procurement
The organization of the procurement activity manager is now in the position of selective
is generally controlled in detail by the home- information transmission. Thus, the free flow
office functional staff. The number of of ideas and information is restricted and
officers and civilians in the various grades sifted based on a careful analysis of the
are limited. Organization structure and possible reactions of all the parties
staffing have an impact on the grades of both concerned.
supervisors and workers. Consequently, if
changes are made in one part of the functional The program matrix structure should focus the
matrix system, such as an upgrading, then attention of the procurement manager on
basically, teductions, within limits, must be critical problems so as to enhance mission
made in some other SPO. Thus, the flexibility accomplishment. While this condition occurs
principle is negated. Organizational changes in some cases, in many others, it does not.
most often occur with changes in mission and Rather, the procurement manager and his staff
the associated workload, rather than based on spend excessive time on coordination of
a management decision by the procurement letters, charts and other documents. These
manager. Organizational structures once coordinations must generally involve the other
established seem to persist over time. Change functional activities of the SPO, in some cases
when it does occur is initiated at top manage- other SPOs and the home-office functional
ment levels, staffs depending on the final destination and

nature of the document being processed. Many
From the standpoint of the overall organize- documents are lost in the coordination process,
tion, the program matrix supposedly facilitates and effort must be expended in trying to
resource utilization based on the concept of locate them and if not located, then in
mQbiliLy. The hose-office functional manager preparing them anew. Another activity which
is able to shift resources in the matrix by fragments the activities of the functional
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manager Is frequent and long meetings. Someone virtue of assignments, etc. Loyalty to the
must attend to protect the interests of the program manager is tempered by the fact that
procurement activity. In many cases the many individuals see him as a remote,
meetings are not well organized. For example, inaccessible figure, whereas, they have more
no one knows for sure why the meeting was frequent contact with the procurement manager.
called. As the meeting progresses, the actual The program manager, however, in his role as
reason, as compared to the stated purpose of his people's representative, must spend much
the meeting becomes apparent. Little can be of his time looking at variables external toaccomplished as no one has had an opportunity the S?O, thus, this alienation is to be
to do adequate staff work, however, no expected. However, few program managers under-
individual is willing to admit this and so the stand this situation and have taken aggressive
meeting drags on. At the end very little has action to correct it. As a result of the above
been accomplished. A subsequent meeting is factors, group cohesion usually does not
necessary to deal with the problem which d'velop as a consequence of managerial action,
caused all of the activity in the first place, rather it develops in specific situations in
The procurement manager can usually choose his response to other environmental vaciables. The
meetings. Hic own .e:sonnel, the program procurement manager's control is further eroded
manager, other :unct~onal activities and the by the influence of the home-office functional
home-office functional people tre all schedul- staff who often contact colocated personnel and
Ing meetings. Often several meetings are issue operational and policy instructions with-
scheduled for the same time period. Naturally, out proper coordination with senior colocate
the importance of the meeting precludes its functional managers. Feedback efforts are
being rescheduled, therefore, substitutes are complicated by tnese same considerations and
dispatched and decisionE made as to the others. The functional manager wants to look
relative importance of the various meetings. good, performancewise, and to stay out of
A wrong choice can put one in a disadvanta- trouble. Consequently, there is often a
geous position relative to the power hierarchy tendency to play the program manager against
in the SPO and the matrix, the home-office functional manager and vice

versa. In many cases, the result is conflict
Conflict is an accepted characteristic of the and degradation of mission accomplishment.
program management environment. The condition
arises from many activities, including the
inevitable competition for resources, the CONCLUSIONS
selecti,e communication transmissions and
receipts of the procurement and other managers,
the expooential coordination requirements, and Where the program matrix organiz3tion structure
the generally defensive posture assumed by many is used, there appears to be a tendency for
of the individuals on the program manager's the involved organizations to become increas-
staff. The key for the resolution and Ingly more and more bureaucratic. The
minimization of the conflict is for the procurement manager finds that the advantages
respective managers to convert dysfunctional of the program matrix are negated over time.
to functional conflict (1). The procurement Indeed, the studies analyzed by Adams and
manager must be aware of and accept the fact Barndt support this conclusion (1). These
that conflict is natural to the program problems are not unique to procurement and
matrix. Then by judicious use of meetings and manufacturing, but seem to occur relative to
other actions which are carefully planned, he engineering, logistics, program control and
should use the problem-solving approach to other colocated functions. A difficulty
make conflict work for him so that organiza- encountered in this study effort was the lack
tional goals can be attained, of research which relates to the role of the

colocated functional manager. As a result,
The procurement manager %as limited control much of the analysis is based on experiential
over his resources ane .as difficulty in observations and impressions. Host of the
obtaining feedback -rot his people relative research in the area of the functional inter-
to the effectiveness of mission accomplishment, face in program management relates to the role
This situation derives from the relationship of the procuring contracting officer, the
between the primary workers and the program industrial upecialict, and the program manager
manager. The scalar chain from the program (2, 3, 4, 5, 7). For example, the authority
manager through the procurement manager to griI surrounding the procuring contracting
the primary worker includes the reward and officer has been examined; his value system
penalty system. This environmental given, as has beer. explored; and the program manager,
perceived by the primary worker, leads to the his role, qualifications, etc., have been
informal pledging of loyalty to the procurement studied. The need is for !,,-depth studies ofA
manager and indirectly to the program manager, the colocated functional manager, P-.zcifically, -A
rather than to the home-office functional what can he do to cope with resource and
supervisor. This condition generally exists, organizational inflexibility, excessive meet-
even though the home-office functional mnager ings and coordination requirements, dilution
does have some reward and penalty power by of control, and the resolution of conflict.
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At present the majority of colocated functional Managers." Unpublished Master's thesis,

managers are doing their jobs in an excellent Air Force Institute of Technology, Wright- -

and competent manner. However, this condition Patterson Air Force Base, Ohio, January,

is occurring in spite of the program matrix, 1975.
not as a consequence of Its effectiveness.

Certainly, many of these problems are also
applicable to functional management and are
not amenable to easy solutions, however, it is
time for management to come to grips with the

paralyzing influences of systematized
bureaucracy, masquerading as a program matrix,
and the researchers should conduct studies

L which will provide knowledge to assist in
obtaining improved mission effectiveness and

: efficiency.
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TUE SCOPE OF TUE BUSINESS YANAGEMENT JOB IN DEFENSE PROGRAMS

Thomas Y. L. Dunlap, Hughes Aircraft Company

IN'RODUCTION

Greater emphasis on business management of broader scope of skills and subjects needs to
programs is evolving in recognition of indus- be addressed. So now, join with me in entering
try's need for profit and return on investment the world of the Hughes Aircraft Company's
in an evermore complex defense market. Design Aerospace Groups, to look at a program whose
to Cost and Life Cycle Cost considerations, new purpose is to cope with the very complex acqui-
initiatives in system acquisition policy result- sition management process.
ing from OMB Circular A-109 and NATO Standardi-

zatior and Intetoperability requirements are
current examples of how the market is changing. THE BUSINESS MANAGEMENT DEVELOPMENT PROGRAM
Industry mubt -h,.nge too, to be more able to
respond to DoD's needs for weapon systems per-
formance within a more highly controlled cost, The world of the Hughes' Aerospace Group- is
schedule and contractual environment. familiar to many of you: the world of the

Phoenix, Maverick and TOW missiles, the AWG-9
This paper gives a new perspective on the Weapon Control System, the APG-63 and APG-65
extreme comple:ity of the defense business man- radars, and many other electronic and clectro-

agement job through a cross-sectional view of optical defense systems and subsystems. It is
an industry business management training pro- the world of exploratory and advanced develop-
gram. After three years developing this train- meat, full-scale development, production and
Ing program, we have been led to the conclusion integrated logistics support. Most surely,
that careful analysis, considered judgement, today it is the world of mission need analy.is

patience and understanding are, perhaps more and alternate concept development with a heavy

than brilliant new policy measures, the basic emphasis on NATO stardardization and inter-
requirements for improving the defense systems operat tlity. In short, your world, our world
acquisition process. of defenae systems acquisition.

The training program was initiated in response You are an industry program manager. You are
to needs expressed several years ago by program responsible for the complete technical, cost
managers of Hughes Aircraft Groups. At that and schedule performance of your program,
time a conference of more than forty program including bottom line contract earnings deliv-
managers was held to share experiences on pro- ered to your corporation.
grams ranging in size from a few million
dollars to over a billion, and in scope from As a means to improve program management within
advanced developmcnt to high rate production, your corporation, you are invited to attend an
During the conference, attention was focused on off-site conference to talk over program man-
comon problems and exchange of ideas for agement problems uIth forty of your peers. In
effective solutions. Better integration of the two days of diucussions you have renewed your
several business management functione essential perception of the st-.ndily growing complexity
to program manogement, and increased applies- of the defense business management job. You
tion of analytical skills in business manage- agree with your colleagues, some of whom have
ment were perceived as growing steadily in business managers in their program offices,
importance. As a result, a broad -cope of that you too, could use a right-hand man for
skills and activities has been defiaed that business management. Someone to provide better
comprise the program bus' .so manager's job. analysis and integration of functions such as
A 270-hour training cour !has been established program planning and control, contract admin-
to cover thbc scope. Interfaces with technical istration, material procurement and control,
management and the non-technical areas such as finance, data management and ad=inistration.

finance, procurement, contract negotiation and
administration are emphasized in the course. Yrom this kind of thinking came an action iten

from Hughes Aerospace Groups executives:
How the training course was developed and Initiate a program to accelerate the develop-
implemented, and concrete examples of the ment of business managers for assignment to
issu, activities, and Information covered in major program offices. This action item was
the course illustrate the scope of business assigned to an nd hoc Executive Council con-

management challenges now and in the future. slating of three major program managers, a
Fore than sixty Hughes executives and managers group controller, director of contr-,.r, and
have partleipated in preparing the colirse and director of materiel. The Executive Co uncil

Kiving instruction. Now, midway through the has four jobs:
first class, experience is stowing that an even 1. Develop crurse data

2 Select candidates
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3. Provide qualified instructors hours and 80% during working hours. The six-
4. Coach tealnees teen chosen topics are:
The Council is supported by a program adminis-
trator from the Managem .'-t aL.if and a Total
program consultant from the Management Develop- Subject Hours
ment staff.

1. Manufacturirg 34.2
The process of developing the course data has 2. Management Concepts & Techniques 32.0
served to outline the extremely broad and 3. Contracts 21.4
complicated defense systems acquisition manage- 4. Program Control. 20.0
ment job. The course content is a true reflec- 5. Written Communications 20.0
tion of the complexity of the management 6. Materiel 18.4
challenge for both industry and government in 7. Finance 18.2
working with the defense systems procurement 8. Oral Presentations 17.5
and acquisition system today. 9. Engineering 16.1

10. Proposal Preparation & Source
Selection 16.0

CURRICULUM 11. Cost Estimating & Cost Analysis 15.4
12. Team Building 10.0
13. Systems Support 9.6

The term "course data" quickly converted to 14. Group Executive Sessions 8.0
"curriculum" as the Executive Council turned 15. Design to Cost & Value Etigineering 7.2
professionally to its first task. An early 16. Data Management 6.0
indication of the scope of the task came with 270.0
selection of the core subjects to be covered.
Sixteen subjects were finally selected with the To illustrate the breadth o' the course, the
courae limited to 270 hours. The course is outline of one of the sixteen corc subjects is
conducted over a nine-month period, 20Z after shown b.low.

PROGRAM BUSINESS MAIAGEMENT DEVELOPMENT .TRACTS - COURSE OUTLINE

Session 
|Se No. Speaker/Guest t

25 Course Introduction C. W. Lefever2C. 
P. vor.Lunenschloss

26 The Customer's Acquisition Cycle J. F. Drakei"J. V. Ferrero, Jr. °
27 The Request for Proposal L. A Enstedt

D. R. Capps

28 The 897 (Hughes' Proposal Kick-off Form) J. P. Kopley
29 Pri:ing the Effort L. A. Buckley P

J. R. Rohlinger
H. Siegel

30 Negotiation of the Contract J. H. Leimert
G. D. Howland
L. E. Molnar

31 Legal Issues of the Contract R. P. Wiley

C. S. Haughey
J. K. Haskel2

32 Managament of the Program S. J. Brookins
J. R. Gf-acoletto
M. P. Lawton

33 Contracting for Logistics 4 Support Services D. L. Cassidy

Contract Terainatione & Closures H. 1. Cranston
C. P. Eason

34 Wrap-Up C. W. Lef~ver
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Outl'nes of topics covered in each of the other A final important observation pertains to the
fifteen course segments are equally as exten- selection of the instructors for each subject.
sive. In addition, a formal syllabus has been Top management support of the program has been
developed covering the obleccive, content and such that outside experts and professional edu-
teaching methods for each subject. However, cators could have been brought aboard to
this paper is necessarily limited to some develop and conduct a professional educational
observations of Intereit and examples high- program. However, the Executive Council chose
lighting complexities, paradoxes and difficult to call upon others like themselves - experi-L
trade-offs that have become evident. enced, effeceive, extremely busy executives and

managers - in order to expose the trainees to
First, some observations from your viewpoint as the real people in the real world, as well as
a program manager. The subjects listed above to train them in the suiject matter. For
clearly show that your business manager must be example, the Contracts as-tion outlined above
broadly grounded and able to understand, ana- is led by the Associate ol. ctor of Contracts
lyze and integrate many different functions and for a 7,000--member operating group. Every
skills. HP is essentially a program manager in speaker at.' guesL listed holds a responsible
every respect, except for the requirement to management position at Hughes.
give technical 6. ectlon. Many times the indus-
try or service program manager is likened to a This has an analogy in the overall defense

general manager or commanding officer. The acquisition environment, related to the "belt
business manager is clearly a close deputy - way bandits," "congressional staffers" and
almost in your image. In other words, he is elected or appointed officials. These are
highly skilled and critically important to the well-meaning people but they often impatiently
su:ncnes of your program, overlook the wealth of experience and knowledge

of industry, service -id DoD career personnel.
Notice the emphasis given in the course cur- They sometimes turn to easy answers and miss
ricul= to co--.aunication skills. Ten hours on the invaluable lessons learned by the career
Oral Presentations, twenty hours on Written managers on the firing l!ne. It is poasible

Cotunications, *lun additional hours within that some of our instructors may not be too
the Team Building, Management Concepts and professional in their teaching techniques. But
Techniques, and the Proposal Preparation and the moral for the trainee Is. it will pay you
Source Selection segments. Communication is handsomely to nxtend youraelf to learn from X

the essence of management and as such is fea- the=. Nov, for us to try to learn from them
tured throughout the course. This is an too, let us look at some of the core difficult
important perspective for all of us in industry subject matter brought out in our course.
and government.

You may notice that MAnufacturinr. is allotted CPT
twice the tiue allocated to Engineering. On the |
one hand there is necessarily a very strong

dependence on management systems in dealing CPT: "Complexities, Paradoxes and Trade-offs."
with manufacturing. On the oth.r hand, there is No papmr on the defense business should fail
usually a strong system engineering branch in to use a new acronym! ("CPT was chosen because
cost program management organizations which Oddities, Frailties and Procurement Peculiar-
contributes greatly to the orderly management of ities" has already been taken.) In this cen-
engineering activity. la addition, most of our eluding section, I have browsed thrcugh the
program managers have an engineering background. five-foot high stack of illustrations, exposi-
Accordingly, we have placed great emphasis or tory charts, rarratives, regulations, specifi-
the interface between Manufacturing and cations, and standards given to the Program
Engineering. Business Kantger Development trainees, and

extracted a small sample of the knotty problems
The shorrer time allotte .o Systems Support we all must deal with in the acquisition

f does not indicate lack emphasis of Integrated process. This is not a complete compilation of
Logistics Support (ML.) nor of design for Reli- research infor-cion, but examples of the gold
ability, Maintainability and Low Life Cycle one can mine from the data bank this course
Cost. (All subjects that ueed to be well under- has caused us to put togather. If I have left
stood by anyone seriously proposing improvements out a p iblem of your own. I apologize. In the
in the acquisition process.) Rather, this Intexest of time and spae, let us proceed
reflects that within Hughes Aerospace Groups, rapidly through these items ir. shotgun fashion:
support functions are managed in a fully Inte-
groted Support Systems Division which performs Make or Bav-l: Industry and Service managers
ILS program management and business management are advised to always use available capabil-
tasks as delegated by the crogram mnnager. IlS ties which are better than their o-r (but don't
factors, ot :ourse, are also covered within the give away the Company - or agency.'
Co~t Analysis. Design to Cost, Engineering and

-V Manufacturing seg ents of the course. Make or Buv-2: In subcontracting work out.

.ndusrry must make the absolute best buys (but
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use minority, female and small business enter- Life Cycle Costs: Plan and control Life Cycle

Srrises and use sources in labor surpl.2s areas to Costs without the benefit of actual program
Sthe fullest). cast visibility during the operational phase.

Personnel-1: See Make or guy-2 above. Add Materiel: Keep your vendors making those smll

Sveterans and handicapped. lots of special parts foz a few more years,
r: even if no one else buys them any more.

_ " Personnel-IA: Each government program manager
[ e dands: 'Put your best people on EX p-,oram!' Organization-. -"ch government program mana-

ger demands: "£:ur program manager on a pro-
Design: Value Engineering is truly effective gram must report to the Company President."
in reducing costs...aome say by doing over what
you did wrong the first time. One of our cus- Organizatien-2: "Your Quality Assurance mana-

tomers has saved over $70 million via VECP's. ger on a program must report to the Company
,In contrast, another uses VECP's if at all, to President."
: . ~~~try to negotiate future prices down. Ogvzto-:Yune ul r~cie

Design to Cost: Iterate the design several orgnization to get the job done (but you also
times (but do not increase the engineering need strong functional organizations to be
budget). able to employ and deploy th- "tey functional

specialists economically).
~Finance: Comply with Cost Accounting Standards

(but do not increase administrative staff or Management-l: Don't ask for help needlese-y
cost). (but never surprise your boos with a problem

that's beyond you).
A-109: Take all the tir,e you need in source

;selection (but select the right horse in the Management-2: Always use contractors with
beginning - maybe even a Beliian - and get him solid records of proven performance (but pro-
out on the track and running in less time tnan long, extend, promote, expand competition).
before).

Management-3: Focus on the important thing
NATO RSI-I: Improve other countries' economies like major coat' drivers (but withstand audits
at the expense of our own. (This can be a at the detail cost level).
double whammy. Within Germany, for example,

Sproduction of six identical new frigates is Government Manaiement: Achieve long term
spread through five different shipyards to bane- saility and efficiency (with incremental
fit five local economies.) funding by annual appropriations and

authorizations).
NATO RSI-2: Procure potentially less effective

"defense systems and equipment yet be fully People In the defense acquisition business have
Sresponsible for the national defense. (Many to wrestle with such complexities, seeming
: are sworn to this responsibility.) paradoxes and trade-offs as the preceding

twenty-four items continuously. The problems
NATO RSI-3: The government is responsible for are not facetious, but real. They exist and
implementing standardization and interoperabi- must be dealt with honestly. They are diffi-

:lity (but should accomplish it through industry cult and typify what constitutes the heart of
- competition with minimum control). the Hughes business management development

course ... r-d this complicated business we are
i Production Engineering-1: You must motivate all striving to improve.
• your best designers to solvi your production
- line nroblems (but you must not let than make
"any unneceseary design improvements. In other CONCLUSION

words, do "fool with human nature").

Production Engineering-2: You must motivate The intent of this paper has been to give a
m~nufacturing to incorporate critical changes new perspective on the extreme complexity of -
in the production line as early as possible the defense business management job by analogy:
(but you must not allow the schedule to slip or A cross-section view of one defense contrac-
budget to overrun). tor's business management development program.

Much has been left out: Not only topics and
Coast: Even though your total cost is competi- problems, but tools of the trade like the

tire, your 1) G&A, 2) overhead, or 3) labor standard Glossary of Acronyms and Abbrevia-
rate is judged too high. tions (hundreds, thousands); an index of speoi-

fications and standards (for what specific
aer?) ; the
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table of rules and regulations (which service,
pleaset).
How about the complexity of our organizations,
illustrated by this typical chart:

MAJOR MISSILE PROGRAM

OFFICE OF MANAGEMEPT .. CNR~

:OFIEOFSC E E HI

LARORATIONSI PRRATO7

STAO ATIN O4 
STAFC OF OF P 5O.EO.0

ASN~CIE OF HIFO

NAVAL MATERIAL

COMP-TRO LLER

I NAVAiFI

PROJECT
MA14AOEK

And this classic chart, here illustrating a LIVE CYCLE COST COMMITMENT
point about lifa cycle cost, but, like Parato's
principle, a part of our business in every area:
The biggest decisions must often be made when we
have the least information. POUTO

A corollary to this is: We have to learn to 10 - I I-
live with a lot of problems and try very hardI
to make a lot of small isr -oveisents. 04VALOPN~SVSTA

There are many reasonc to be impatient with the 7
defense acquisition process, the time it takes DEEO t1T'YP LN
to effect improvement, the loss in translation I PROV5 SYITIM AND
from top-level policy to bottom-level practice 0 PRODUCTION PSAVOILITY

... and back. It Is only natural thtwe some- soP ,

times say "Of f with the oldi". .. Contract Defi- SBYTMCMIUAIN
nition? ... and "On with the new" ... Prototyping?

...but In point of fact, viewing the very broad DPWSFXDADFAEIEATRAIE
scope of tho defense business manager's job,
and the myriad problems which must be faced, it 11SCAIG O9ECOATIONALOVC-ARIO

oust be ccncluded that careful analysis, con-
sidered judgement, patience and understandIng o
are thq watchwords for improving the defe' (.e COCIP CCOPT DEVILOPNIGNT FROOUCTION
acquiattion process in any substantial, effec- 1-N
tive manner.
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kACHIEVING EFFECTIVE ACQUISITION THROUGH

ORGANIZATION DESIGN AND LEADERSHIP INTERVENTION

Bonita H. Melcher, Cleveland State University

INTRODUCTION instruments must be developed to determine if
standards are being met. The communication
system must be more formalized and the decision

In the development of need stage, the ac- making process more centralized to achieve
quisition process is simple as profiled by coordination and control. Activities must be

organizational variables such as size of regrouped to facilitate coordination. The

group involved, workflow among groups, spa- managerial system, then, which consists of
tial proximity of members involved, and the delegation of decision making, departmen-

complexity of the task. The size is limited talizing activities, establishing a formal

to those individuals establishing the need, communication system, and designing a control
the workflow is independent as the individuals system of standards and rewards must be

have a defined autonomous task, individuals designed by the program manager to achieve an
involved in the initial stage typically are effective acquisition program.

proximate to each other through the process
of regularly scheduled meetings and the task A supplement to managerial system design isI that Is performed is relatively simple as the direct leadership intervention. As the ac-
procedure is spelled out and there is avail- quisition process becomes increasingly complex,

able help in performing the task. the program manager should assume a more
directive style of leadership to achieve the

Once the decision is made to explore alter- necessary coordination and control. The use 4

natives a program manager is selected who is of leadership intervention requires that the
responsible for recruiting a tean with the program manager be continually involved in
requisite skills and experience to manage every stage of the cycle, but increasingly so

the acquisition. The acquisition process now as the project moves through the final stages.
begins to increase in complexity. Size ofthe group involved Increases, workflow be- The purpose of this research is to determine .

comes more interdependent, tasks become more the influence of design and leadership on
complex as the acquisition process moves three levels of organization effectiveness;

toward the soliciting of competetive bids, individual, intragroup and vertical intra-
and members of the acquisition team become group. It is assumed there is a causal link
more spatially dispersed. As the process between these types of effectiveness and
moves through the stages of exploration of measures of productivity and profitability.
alternatives, competitive demonstrations, The conceptualization used follows the model
testing and evaluation, production, deployment proposed by A. Melcher E6]. Exceptions are

and operation and goal analysis, the problems the inclusion of an operational measure of the
of coordination and control increase. Work- information system.
flow becomes increasingly complex as more
operations have to be interfaced. The task
becomes more unprogrammed as the project THE MODEL

moves into areas where no previous experience
exists. Individuals of the team become geo-
graphically dispersed. As each of these The model (Figure 1) embraces a broad defini-

dimensions of the organization becomes more tion of design and identifies a set of struc-
complex, they adversely affect the acquisition tural factors and leadership styles that exert

process in terms of increased stress, tension, influence over individual, intragroup and
and conflict upon and among the participants. intergroup effectiveness. The structural

variables are of two types, contextual and

If the acquisition process is to be eff'ctive, managerial. Contextual structure consists of
it is necessary to adapt and adjust the size, workflow, spatial physical barriers and
organization to offset the dysfunctional ef- task complexity. Managerial 6tructure con-
feats of increased complexity. Two strategies sists of the formal authority system, the
are available to the program manager for control system and the information system.
adaptation to increased complexity. One The formal authority system is measured by the
strategy involves designing the managerial degree of departmentation and delegation.
system of the acquisition team to deal with The control system is measured by standards
the increased problems of coordination and and reward-penalties and the information system
control. It is necessary for the managerial is determined by communication networks and
system to be restructured as the acquisition channel density. Each of these dimensions can
cycle becomes more complex. Standards and assume a range of values; workflow, for
objectives must be claarly defined. Measuring example, can range from independent to inter-
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dependent. An organization can be profiled as
simple to complex depending on the profile
generated from describing each of the structure
variables. As the contextual variables move
from simple to complex they influence the be-
havioral processes in the organization; for
example, as workflow changes from independent
to interdependent conflict and stress occur.

The managerial system can mediate the effects
of context if it moves toward complexity in a
compensating manner. Seven dimensions of
leadership measure the style of the leader
which ranges from democratic to directive.
These include representation, interaction,

participation, goals emphasis, direction, rule
adhervnce and inducements. The leadership
style can Influence the effectiveness by
interacting with the structural variables.
Leadership is viewed as a mediating variable
which can operate to increase the dysfunctional
effects of structure or to, ideally, off-set

these effects. The effectiveness dimensions
of the model are divided into three levels:
individual effectiveness measured by motiva-
tion, commitment and initiative; intragroup
effectiveness measured by lateral relations
within groups; and intragroup effectiveness
measured by vertical relations of group
members with supervisors.

The Organization is viewed as a system. The
contextual factors contribute to dysfunctional
processes as they move from simple to complex.

These forces may be offset by changes in the
managerial variables. if the managerial
syster. in poorly designed it will add to the
disintegration of the organization. Simi-
larly leadership interacts with the structural
factoxs to enhance or offset the negative in-
fluence on effectiveness.
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FIGURE I

STRUCTURE PROCESS MODEL

CONTEXTUAL STRUCTURE SIMPLE COMPLEX ORGANIZATIONAL LOW to HIGH
EFFECTIVENESS

1. Size Small Large 1. Individual Effectiveness: Motivation
2. Workflow Independent Interdependent a. Job Involve-
3. Spatial Barriers Concentrated Dispersed ment Low High
4. Task Complexity Programmed Unprogrammed b. Commitment to

Standards Rare Always
MANAGERIAL STRUCTURE c. Initiative Little High

d. Self-Improve-

1. Formal Authority ment Little High
System e. Work-goal
a. Departmentation Interdependent Autonomous Commitment Rare Always
b. Delegation Decentralized Centralized g. Satisfaction Low High

h. Sense of
2. Formal Control Achievement Rare Always

System i. Job Attendance Low Pigh
a. Standards Diffuse Specific J. Job Commitment Low IHigh
b. Rewards-

Penalties Institutional Individual 2. Intragroup Effectivess: Lateral
Relations

3. Information System a. Confidence and
a. Communication Trust Rare Always

Nets Unrestricted Restricted b. Job Related
b. Channel Density Informal Formal Communication Rare Always

c. Non-job Related
LEADERSHIP PROCESS DEMOCRATIC to DIRECTIVE d. Communication Rare Always

D T te. Cooperation
1. Representation Upward Downward Patterns Rare Always
2. Interaction Lateral Vertical f. Group Co-
3. Participation Extensive Limited hesiveness Rare Always
4. Goals Group Individual g. Interaction Off
5. Direction Loose Close the Job Rare Always
6. Rule Adherence Low High
7. Inducements Rewards Penalties 3. Intragroup Vertical Effectiveness

a. Trust and
Confidence
Downw -4 Rare Always

b. Trust and
Confidence

Upward Rare Always
c. Requested Infor-

mation
Communication Rare Always

d. Screening
Job Infor-
mation Rare Always

e. Human Relation-
Information
Upward Rare Always

f. Cooperation and
Teamwork Rare Always

S. Acceptance of A

Supervisor's
Decisions Rare Always
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STHE STUDY leadership were measured on Lihert-type nine
point interval scales. The dependent vari-
ables of individual behavior, intragroup be-

The study was designed to test the relation- havior and vertical intragroup behavior were

ship between structure, process and effective- also measured on ninL point scales. Behavior

ness in organizations. Initial investigation questions are worded to assess the frequency
focuses on significance and direction of in- of occurrence of activities and feelings influence of interaction effects between con- the organization. For example. "What per-

textual and managerial structure, and between centage of the time do you think about leaving
Sstructure and leadership. your job?" Structure questions are directed

at observable dimensions such 9ts, "The number
of people assigned to your formal unit." For

SHYPOTHESES a detail development of the questionnaire see

bMelcher [6].

The following hypotheses were tested: Subdimensions of piayand scnaysrc

ture, leadership, individual behavior, Intra-
1. As context moves from simple to complex, group behavior and vertical Intragroup be-

admanagerial srcuemoves frmsimple hairwere aggregated to arrive at the main
Ito complex individual, intragroup and dimensions (see Figure 1). The dimensions

vertical effectiveness will move from low were then entered in multiple step wise re-
to high. The interaction effect is posi- gressions for each of the three dependent
tive. variables.

- 2. As context moves from simple to complex Interaction effects were assessed by entering

and leadership style moves from demo- a new variable generated by the multiplication
cratic to directive individual, Intragroup of the two or three interacting variables as
and vertical effectiveness moves from low discussed in Neter and Wasserman (8]. The
to high. The interaction effect Is posi- interpretation of the interaction effect
tive. follows from this new variable.

3. As managerial structure moves from simple
to complex and leadership style moves from RESULTS
democratic to directive individual, intra-
group and vertical effectiveness moves
from low to high. The interaction effect The product moment correlations between the
is positive. independent variables and each of the three

dependent variables are shown in Table 1.
4. As context and managerial structure move

from simple to complex and leadership style
moves from democratic to directive indi-
vidual, intragroup and vertical effective-
ness move from low to high. The inter-
action effect s positive.

!The sample consists of 772 individualrepns

, collected in 32 organizat'ine. There is a
heterogeneous mix of or: ..izations including:
*e~epho. e companies, chemical manufacturing,
sc~hools, data processing firms, retail stores,
community service organizations, hospitals,
machine manufacturing, rubber manufacturing,
steel foundaries, plastics manufacturing,A
restaurants, supermarkets and city government
units. At least four different groups within
-n organization were sampled. Date was col-
lected by questionnaire and interview.

METHODOLOGY

The independent variables of structure and
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TABLE 1

CORRELATIONS BETWEEN ALL VARIABLES (n-772)

1 2 3 4 5 6 7

2. Context ---

2. Context X Managerial .81 ---

3. Leader X Context .81 .69
4. Leader X Managerial .03 .45 .43

5. Lead X Context X
Manager .68 .89 .86 .73 --

6. Individual -.05" -.05* -.24** -.24** -.20* --

7. Intragroup -.06* -.02 -.26** -.22** -.18** .22 ---

8. Vertical -.02 -.04 -.33** -.39** -.29** .46 .42

•Significdnt at .10 level ** Significant at .001 level

SIMPLE CORRELATIONS as well as the interaction variables for the

multiple regression runs. The results are
summarized in Tables 2,3 and A.

Fir the simple correlation run context is
negatively correlated with individual, intra-
greup and Intragroup vertical effectiveness. TABLE 2
The relationship is significant only for in-
dividual and intragroup. The results of the THE EFFECTS OF STRUCTURE AND
simp'e correlation support the hypothesis that
contextual structure has a negative effect on LEADERSHIP ON INDIVIDUAL BEHAVIOR

organ:zational effectiveness.

The interaction variable of context managerial R2

structurAe is negatively correlated with all
three tyies of effectiveness but is only
significLnt for individual. In this simple
correlation the negative effect does not Leadership -1.18 60.49* 0.12650
support tTe hypothesis. Context X

Leadership 0.86 4.87* 0.12984
The effects of leadership X contextual struc- Context X Mans-

ture are negative and significant for all gerial X Leader-

three types if effectiveness. The hypothesis ship -1.36 3.49* 0.13081

of a positive effect is not supported. Managerial
Structure -1.10 2.82* 0.13377

The combinatici of leadership with manageriel Contextual

structure is tie same as with contextual Structure -0.96 1.29 0.13455

structure. The three-way interaction effect Managerial Struc-
also produces negative effects. ture X Leader-

ship 1.39 2.16 0.13503

Simple correlations were reported to show Context X

single effects of direction and significance. Managerial 1.43 1.79 0.13709

These are useful t-r an initial analysis. The
variables occur in reality as a multivariate *Significant at .05 level
system of effects. To determine how the total
system influences bhavior a multiple re-
gression was used. The F-ratio for the regression equation was

17.04 significant at the .001 level. The re-

sults indicate that context has a negative
MULTIPL.' REGRESSION effect but is not significant. The interaction

effect of contextual and managerial structure
is positive and significant. Similiarly the

The main effects of mamigerial structure, interactions of context and leadership are
contextual structure ano leadership were in- positive and significant supporting the hypoth-
cluded in the list of inlependent variables esis that leadership offsets the negative
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effects of context. The three-way interaction TABLE 4
is however negative, indicating that the nega-
tive effect of directive leadership overwhelms THE EFFECTS OF STRUCTURE AND LEADERSHIP
the interaction of the structure variables. 

A.

Leadership is a powerful variable, as it ex- ON VERTICAL INTRAGROUP EFFECTIVENESS

plains the most variance. The effects of the
independent variables on intragroup effective-
ness are summarized in Table 3. V2rbl Beta F-test

TABLE 3 Leadership -0.58 143.10* 0.30997
Context X

THE EFFECTS OF STRUCTURE AND Leadership 0.32 3.95* 0.31085

LEADERSHIP ON INTRAGROUP EFFECTIVENESS Contnxt X
Managerial 0.71 3.27* 0.31156

Managerial X
Leadership 0.15 2.69* 0.31371

2 Context -0.47 0.65 0.31407Variable Bets F-test RCottX, Context X

Managerial X
Leadership -0.49 59.79* 0.13137 Leadership -0.57 0.26 0.31430
Context X Managerial
Leadership 0.36 14.68* 0.13689 Structure -0.22 0.14 0.31442

Context X
Managerial 1.34 10.67* 0.14778
Mngeril*Significant at .05 level

Leadership 0.47 5.72* 0.15304
Context X
Managerial X The F-ratio tor the regression equation was

Leadership -0.84 1.53 0.15477 49.20 significant at the .001 level. The same

Context -0.85 1.04 0.15499 result Is obtained for the three-way inter-
action as was found for intragroup effective-
ness. The interaction effects of structure

Significant at .05 level and leadership and context and managerial
structure support the hypotheses.

The F-ratio for the regression equation is Again, leadership is an important variable as
19.82 significant at the .001 level. The would be expected since vertical behavior
interaction effect of context and managerial measures behavioral processes between leaders

structure is positive and highly significant. and subordinates. Structure alone is not im-
Both Interactions of structure with leader- portant but in combination with other variable
ship are positive ad significant. The rises to significance.
three-way Interactio~n Is again negative but
not significant. The interaction effect of The results cf the regression analysis give us

context and managerial structure is more im- different insightb into the effects than the
portant for explaining intragroup than in- simple correlation results. We see the model A
dividual effectiveness. The effects of the operating as a total system. It is difficult
independent variables on vertical intragroup to determine.how the muticolinearity of the
effectiveness are si mnarized in Table 4. variables effects the R' values, for this

reason we cannot at ach much importance to the
final size of the R . Evin if we set this
consideration aside the R values are affected
by the heterogeneity of the data. If we can
explain 31% of the variance in vertical be-

havior over a cross-section of organizations
the results would certainly be very encouragir
if the data were partialed out by type of
organization. I

For purposes of this piece of research the
eign of the beta and the F-test are Important.
The results obtained ce encvtraging cape-

lally since the data is heterogeneour
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SUMMARY AND CONCLUSION [5) Lorach, J. and Paul R. Lawrence, eds.
Studies in Organization Design. Homewood,
I1: Richard D. Irwin, Inc., 1970

The purpose of this research was to test the
effects of organization design on three levels (6] Melcher, Arlyn J., Structure and Process
of effectiveness within the organization. A of Organizations: A Systems Approach.
large data base consisting of a cross-section New Jersey: Prentice-Hall, Inc., 1976
of organizations was used. Four hypotheses
tested the interaction effects of contextual [7] Melcher, Bonita W.. "Organization Struc-
and managerial structure and the intera:tion ture, Leadership and Personality Effects
of structure and leadership. Results showed on Organizational Processes," Academy
thet leadership interacts with structure, of Management Proceedings. Michigan: 1975
supporting a contingency theory of leadership.
A directive style of leadership offsets the (8] Neter, J. and W. Wasserman, Applied Linear
negative effects of both increasing contextual Statistical Models. Homewood, Ill:
and managerial complexity. This finding pro- Richard D. Irwin, Inc., 1974
vides a new insight into how leadership can
be used in an effective organization. (93 West, Bonita H., A Methodological Approach

to Behavioral Science Research. Unpublished
The positive interaction effect of context and Masters Thesis. Kent: 1970
managerial structure is of interest to the
organization designer. it supports the im-
portance that should be given to the design
of the formal authority system, control
system and information system. There is
little that can be done to change context in
the short term. This is not true of the
managerial system which gives management an
effective means of offsetting contextual
variables. This study contributes to the
development of a contingency theory of
organizational effectiveness and has im-
portant implications for the management of the
acquisition process. As the process moves
toward increased complexity greater effective-
ness of individuals and groups can be
achieved by designing the organization
to compensate for the breakdown in processes
that occur or by employing a directive style
of leadership on the part of the program
manager, or some combination of both techniques.
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CURRENT PROBLEMS IN THE ACQUISITION OF MAJOR WEAPON SYSTEMS

Barry R. Lenk
The George Washington University

ABSTRACT

This paper analyzes the impact of several pro-
curement policies employed in the acquisition
of majcr weapon systems. The inadequacies of
the traditional approach to competitive! pro-
curement are examined, and alternative stra-
tegies to increase the level of competition
throughout the life of the system are described.
Barriers to competition created by the Armed
Services Procurement Regulations are also dis-
cussed.

The policy of Design-to-Cost is analyzed, with
emphasis upon the ramifications of this pro-
cedure for cost control and innovation. Also
considered are several deficiencies in data and
methodology by which cost constraints and
estimates are derived.
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THE EFFECTIVENESS OF INCENTIVE CONTRACTS: 'NMAT RESEARCH TELLS US*

Richard P. DeMong, O.B.A.**
Assistant Professor e1 Commerce

McIntire School of Commerce
University of Virginia

INTRODUCTION CPIF has a target cost and fee, a minimum and
maximum fee, and a share ratio. The CPAF has
an estimated cost, base fee, variable award

Incentive contracts are now a part of DOD con- fee (which is subjectively determined fol-
tracting officers repertoire. The present lowing evaluation of performance as measured
incentive environment can be directly traced against the performance criteria set forth in
back to the early sixties (see Exhibit 1), the t;.trqct, a maximum fee (base fee plus
speciflcally to the efforts of the former Sec- award fee pool), performance criteria, and A
rctary of Defense, Robert S. McNamara (1:4-7). fee payment plan.2

However, ito nt. - contracts are by no means
a recent innovation. Both the Monitor of the
Civil War and the Wright brothers' "heavier- THEORY
than-air-machine" were purchased with an in-
centive contract (1:8-9). The Monitor had to
be floated, attain a specified minimum speed, The contracts may be designed to give a con-
and win Its first battle before the contractor tractor an incentive to decreasr costs, in-
was paid.1 The Wright brothers received a crease performance of the end-product, or some
$5,000 bonus added to their $25,000 contract other governmental goals, such as a prompt
when their flying machine exceeded the target delivery. The incentives that this paper will
speed by two miles an hour (1:8-9). deal with will be only the contractual incen-

tive within the contracts.
3

Given our recent experience with incentive con-
tracts, three questions need to be asked: (1)
are these contracts effective? -- that is, do Opinions, views or conclunions expressed
they accomplish the government's goals and by the authors in this document are their
objectives? (2) are these contracts efficient? own and are not to be considered or In-
-- thar is, do the benefits outweigh the terpreted as official expression, opinion,
costs? and (3) can the government's use of or policy of The Department of the Air
these contracts be enhanced. This paper will Force.
attempt to find the answer to these questions

These research projects range from consultants' Business Research Management Center is
reports to Ph.D dissertations. However, this gratefully acknowledged.
palper will limit itself to research projects
that studied DOD incentive contracts and to 1. The first two conditions were met and al-
projects that are currently readily available though the Monitor only fought the Merri-
to any contracting officer that wants to inves- mac to a draw, the contract was paid (1:8).
tigate a particular point raised in this paper.

2. The characteristic of each of these con-
tracts and the proper use of each type

DEFIIITIONS of contract is adequately covered in the
Armed Services Procurement Regulation
(ASPR) (7:Section 3, Part 4) and in the

This paper will focus on " following contract DOD and NASA's Incentive Contracting Guide
types: (8) and therefore will not be covered in

(1) firm fixed price (FFP); detall in thio paper.
(2) fixed price plus incentive (FP!);
(3) cost plus incentive fee (CPIF); and 3. Other authors wake a destinction between
(4) cost plus award fee (CPAF). these contractual incentives and "internal -

incentives" such as the Design-to-Cost
When the firm fixed price the contractor re- system. See for example, Robert W. Blan-
celves only the original price negotiated prior ning, Paul R. Kleindorfer, and Oreet Zohar,
to the awarding of the contract, unless for Survey and Annotated Bibliography o, fLt-
come reason the contract is changed during its erature Pertaining to Int-nal Financial
duration. The fixed price plus incentive has Incentives in Sstem Acquisition -e--
a target cost and profit, a ceiling price, and pared for THe Office of Naval Reaearch.a share ratio (which defines the percentage of Contract number N00014-77-C-0171

cost under- or overruns for which the govern- (February 1978).
ment and contractor are responsible). The
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LXHIRIT I
AWARDS BY TYPE OF CONTRACT PRICINC FROZISION (By Fiscal Year) (a)

Type of Fiscal Yar[Paring Provision A9'0 IOTE" 19 i " 1915

TOTAL (b) 10010. 100.0. 1oo.O 100.01. oo o

FIRM4 PRICZ TYPE (SUB-TOTAL) 57 4 76.5 74.0 L2. L2_ 2

Redteratnble 6.1 2.2 0.7 1.0 1 $Incent ive 13,6 16.6 20.9 17.8 20.1I
Escalatlon 6.3 4.9 4.9 12.4 12 0

COST REIHSURSIET AND OTHER
YPFZS (SUS-TOTAL) 42.6 23.5 26.0 27.7 11.1

No, F a 2.2 2.4 1.9 2. 2 2
Fixed Fee 36.8 9 A. 10.4 10.6 10.8
Incentive Fee 3.2 11.2 9.8 12.1 11 1.
Award ?t 0.0 0.0 3.1 1.6 1.9
Other (c) 0.4 1.5 0,8 0.6 0 a

(a) VoL definicins and coverage. See Notes on Coverage L.nclude dot& for the Armed Services
Petroleum Purchasing Agency (ASPPA) from Jut 1950 through baceobar 1956. but Includes
data for Hilitary Ptcrolem Supply Agency. aucceaxor to ASPIA. beglnning I January 195i
Excludes Army Procurement ovetaas prior to fiscal 

1
ear 3958 and alao excludes soee Navy

lettera of Intent In fiscal years 1951 and 1952 for which type of pricing provision was Fnotdetermined.

(b) Represent. procurement actions of $10.000 or more excluding Intragovermental except for fiscalyear 1951 lch Included Navy actions of $5.000 or more and Army actions of hoo.000 or mor.
(c) Includes Time and materials and Labor Hour contracts.

Source- Military Pri Cotract Awards. (Fiscal year 1977). Washington. D.C.: Office of the
r r Dcense. pp. 67=65.

Although both the Armed Services Procurement (3) Incentives assign to the con-
Regulation (7:Section 3, Part 401) and the tractor a larger portion of con-
DOD ard NASA Incentive Contracting Guide tract risk than 'he would bear

m-. (8: 1-2) recognize that the contractor is mo- with a cost plus fixed fee
tivated by more thin just a profit, the profit (CPFF) contract.
motive is considered essential to successful (4) Incentives provide explicit com-
implementation of an incentive contract. As munication of the government's
the Incentive Contractin. Guide states: contracting objectives (20:3).

The profit motive is the essence
of incentive contracting. Incentive INCENTIVE CONTRACTING: RESEARCH FINDINGS
contracts utilize the drive for fin-
ancial gain under risk conditions
by rewarding the contractor through The early incentive-contraLting research stud-
increased profit for attaining cost ies were on a theoretical level or, because
(and sometimes performance and sched- of limited data, exploratory. As more data
ule) levels more beneficial for the became available, more empirical testing
Government than expected (target) was possible. Thus, the later studies have
and by penalizing him through reduced tended to be largely empirically based.
profit for less than (target) expected Rather than cover the research In the typicallevels. In stressing the profit chronological fashion, this author proposes

making aspects of a company's exis- to discuss the findings in the six following
tence, however, there is no Inten- areas: incentives as motivators, incentives
tion to discount the importance of as a means to reduce costs, incentives for
extracontractual incentives.., better scheduling, incentives for better per-
(8:102). fornance, award fees, and improving the use

of incentives and future research needed.
Logistics Management Institute found the fol-
lowing four primary Justifications for the
government's use of incentive contracts: INCEITIVES AS MOTIVATORS

(I) Incentives motivate efficient con-
tract management and achievement
of a high performance product. As earlier noted, both the ASPR and the DOD

(2) Incentives enable the government and NASA Incentive Contracting Guide consider
to reward contractors on the the profit motive of the contractor essential
basis of demonstrated management to the successful use of incentive contractinp
ability and product performance. An "incentive is not a motivator if it does ,
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not satisfy a need of the recipient. Thus, of an organization. Consequently, an incen-
the first question that needs to be addressed tive must be perceived as a reward to the
is whether profit is a primary goal of the decision-makers of the organization.
contractors in today's envirorment.

Hunt's work implies that incentive contracts
When Jones and Fierre asked fifty contractors can be written to accomplish that goal.
to rank the mos. important motive of their However, Hill and Shepard's Naval Post-
industry, a plurality selected profit max- graduate School's thesis questions whether
imization over firm perpetuation, sales max- incentive clauses really motivate middle
imization, aid socio-economic considerations managers (16:41). Since they found no profit
(19:44). Forty-six percent of the contractors maximization scheme In the seven companies
selected profit maximization as the most im- they survey, they questioned whether profit
portant morive, as compared to only 41 percent incentives could be motivators (16:41)
that selected firm perpetuation. However, the *::.'ver, this study, like that of Jones and
30 goverrment contracting officers that re- Pierre, wab "- iite-i by small sample size and
sponded to the survey reversed the order of by the wording of the questions.
the contr- re (19:44). Only 43 percent of
the officers selLcted profit maximization as Thus, we are left with the comprehensive
thu primary ,otive and 47 percent selected study of Hunt (17&18) that concludes tiwa the
firm perpetuation (19:44). Thus, there was an motives of contractors are most complex, but
apparently different perception of the impor- amenable to incentive contracting.
tance of profit maximization between contrac-
tors and government contracting oficers.
This study was limited both by its sample INCENTIVES AS A MEANS TO REDUCE COSTS
size and by the oversimplified questionnaire.

The most through ard rigorous analysis of the Peck and Scherer found that governent buying
economic motivations of contractors was con- agencies controlled program costs less
ducted by Professor Raymond G. Hunt of the effectively than schedule and quality factors
State University of New York at Buffalo. (24:440). Fox quotes former chief contract
After an extensive review of the literature, negotiator of the Navy, Gordon Rule, that
a quentionnaire, and interviews, Hunt con- cost controlling programs were resisted by the
eluded that: contractor and by the government personnel

(12:435). The late Professor John F. Gorgol,
If we had to identify a single o er- formerly of Putgers University, stated that
arching company motive... (at least government contractors were hampered by their
the R & D corporation participating lack of knowledge of what the actual cost of
in this research) it would not be a product should be (14:44&45). It was with this
profit-seeking; we would probably background the goverment attempted to give
call it 'mastery' -- a desire to contractors as an incentive to control costs.
be in control of one's own fate,
to be able to conduct affairs as One initial problem with the incentive type
one wished and to be good at it. contract is the difficulty in distinguishing

This motivational orientation between the high- and low-cost firms on the
subsumes moat other 'needs' as basis of the submitted bids or target costs
Instruments for its achievement. (21:48). As John J. McCall of The RA'1 Cor-
Profit, for example, is a way of proation points out, the sharing of excess
accunulating capital resources cost and profits efficient (low-cost) firms
allowing an organization to make are induced to submit target costs higher
decisions partially independent than the expected cost, thereby reducing the
of its custome's f ':151). amount of profits they would have to shere

(21:48). On the other hand, inefficient
In general, Hunt conclut .a that R & D contrac- (high-cost) flrm.s ,are encouraged to submit 4
tors were basically a "risk averse group of lower target c, -s than expected costs, since
firms...(that could) best (be) described as the goverment will share their losses (21:48).
'profit satisficers"' (17:297). In an experi- McCall hypothesizes that thIs problem will
ment with sixteen undergraduates, Feeney, become less severe as the sharing proportion
McGlothlin, and Wolfson of The RAND Corpora- of the corporation rises (!1:48). However.
tion also found that the profits sought when eavers and McCall tested the hvpothe.sjzd
increased with uncertainty (11:v), which again be w rates and effi
implies risk averse behavior. It should be ciency (efficient te
noted, however, that the motives of an organi- target and actunl Ja -o
zation can only be determined by inference-- t!iticly signifcant rclationship _.24).
by studying Its behavior or surveying the
component members of the organization.
Thus, it is the individual members
r.?tAt collectively define the motives
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There have been a series of empirical studies M rUM CUM= cVVWt A" ,VIMa
suggesting that incentive contracts have not
been effective in controlling costs. As Data b Type of Ctrac

Fisher points out, the efficiency (in con- Ty" at ¢airact *.9 ,n h,, .* 0,rr

trolling costs; of types of contracts can
no,. --. d unles. .. '.ype of product .,% -39 2

produced was hela constant (12:79). That is, Y:r .4S 9' 7 2
the uncertainty of the cost of the end pro-. Of :Ys :1 11%
duct was typically higher in cost type con-

tracts than fixed price contracts. Fisher b D, tper oV , ot

found no significant difference in cost
growth of contract that could be attributed '{ a 'n" Man C N' ra'

to contract type (12:79). However, he P-,attift M4 21. 1.
found significant differences between con- ss and ii 7 3% 0

trators; some contractors consistently had
larger underruns than others (12:79). con%=

!TtAL .083 k6 ~. ot

Besides the difference in uncertainty of the
Cha- 7. (.tj'uu4 tontna tn mt-,c: con- ..atis cratcc

various types of contracts, there was also tac-et co e~t tnit.! cott c : trt.r" -At

the problem of contract changes. A contract orm % - (Mul ftetrxt cost - a cwtrd coot,.,: catt) I &djusct.
could be changed for some engineering reason ent€e wit

to avoid reporting a cost overrun (12:Ch.19). Sow. P4t,* (23;21)
However, Belden was not able to "conclude
(in his study) that target costs were increas- overruns. The more closely the schedule 06s
ed in order to reduce potential overruns or met, the lower the cost overruns (1:96; 23:43).~~increase potential underruns" (1:95). ] -

According to k4unt, the real advantage to
In the same study of 834 contracts, Belden cost incentives is that they act as a counter- 2

iound that the overrun/underrun contract out- weight to the performance bias of high tech-
come was independent of the size of the shar- nology organizations (17:306). As he states,
ing ratio and of the type of contract (1:96). "They can say quite simply, 'go ahead and do
However, the size of the overrun/underrun was good work -- right on! -- but try to hold
preeicted by the type of work (production or down the coats, too, and we'll pay you if you
R & D) (1:)6). These corclusions were re- do."' (17:306).
tested by Parker using a much larger sample
size (2,683 contracts) and a longer time per-
iod. His reqults differed slightly from INCENTIVES FOR BETTER SCHEDULING
Belde:'s as can be seen in Exhibit 2. R & D
Loptracts still had hIgher changes and over-
rins k23:42). However, contrary to his ex- Hunt simply states, "schedule incentives
pectatlons overruns tended to increase as probably...(were) superfluous" (17:306).
the contractors share ratio Increased (23:43). However, both Belden and Parker found that
urthermore, F contr shadsubstAtall_ there was a uignificant tendency for schedule

larger overruns than FP W contracts delays and overruns to occur together (1:96;
(23:42).' A fiere was the problem ot 23:43). Conversely, Parker found that early
controlling for thq difference in risk factors delivery and underruns were apt to occur
of contract type of work. Thas, the risk of together (23:43). Belden found that schedule
the underlying work nay be more responsible Incentives tend to be at least partially lost

for the overruns/underruns than the type of rather than earned.
contrat3. Thus, we find that if schedules were met,

Both Belden snd Parker found contractors act- cost incentives were earned. However, we do
ing in a risk averse manner. As the risk of not know whether schcdule incentives were
the type of contract increased, io did the redundant with cost incentives or whether
"going-in" (target) profit (1:114; 23:56-59). they have an information valu their own.
Parker also found that going-in profit rates If incentives were designed pat.._.ly as a
wece slightly higher with R & 13 contracts means of conveying explicit infornation from
than production contrezts (23:59). Hcwever, the government contracting officer and the
both Belden and Parker found higher "coming- contractor as the LMI Study (20:3) suggests,
out" (actual) profit rates for production then schedule incentives were not superfluous,
contracts thau R & D contracts (1:114; 23:59- even if unearned. Furthermore, if schedule
60). Ccing-out profit rates rtmained higher incentives are not included, then the con-
for FPI than the CPIF or CFF in both studies tractor may make an "undesirable" (from the
(1:114; 23:59'. government's point-of-view) trade-off to earn

a performance or cost incentive.
Belden and Perker found that there was a
relationship between delivery dates and
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INCENTIVES FOR BETTER PERFORMANCE Dr. Hunt theorized that award fee contracting
should be structurally simpler, but more
demanding to administer, than other types

Hunt concludes that most organizations were of incentive contracting (18:158). Hunt
oriented more toward performance than toward also points out that CPAF comes closer than
cost-reduction (17:306). Thus, he states other contract types to fulfilling the
performance incentives were probably re- principle that profits should be earned, not
dundant with the "natural" organizational awarded in advance (18:153). The CPAF thus
tendencies and therefore contribute little meets one of the Logistics Management In-
to program management and performance control stitute's four justifications of incentive
(17:306). contracts better than the other incentive fee

contracts. Specifically, "incentives enable
Both the studies of Belden and Parker came the government to reward contractors on the
to the same conclusion that performance basis of demonstrated management ability and
incentives wre typically earned regardless produt. 'erformance" (20:3). However, as
Of coQt overrun/underrun outcomes (1:96; he points out, (,?At' does not hinge on the
23:43). primacy of the profit motivation; rather it

enhances performance, because awari fee con-
In a study exclusively of civil engineering tracting improves the communication between
service contracts, Ehnert and Kaiser found the government and contractor (18:154-57).
no statistically significant relationship Thus, CPAF acts as a management tool of the
between contract type (fixed or incentive) government on the contractor. As Hunt states,
and performance (10:47-48). They studied "award fee is best regarded as a method of
35 service contracts where performance was a management, not as a contract type" (17:164).
reasure of the number of complaints, the few-
er complaints the better the performance If CPAF is to be considered a management tool,
rating. These findings supported Hunt's then there should be a learning-curve effect
conclusion that there was a performance bias over the life of the contract. That is, if
of organizations. partial awards are made, the contractor is

able to discern what is important to the
However, just as with schedule incentives, government. In a study of 13 CPAF contracts,
not including performance incentives may send Mel D. Byers of the USAF found such a rela-
a negative message to the contractor. That tionship. He found that the "percentage of
is, a lack of performance incentive may be award fee the contractor earned seemed to
interpreted by the contractor as a message increase" as the contract progressed (4:86).
that the government has no real interest in
performance. A study done by two Air Force officers, Jack

R. Runkle and Gerald D. Sclmidt, further
supported the conclusion that an award fee

AWARD FEE contract was a management tool. In a study
of 56 contracts they found that if the fee
determination officer (FDO) was five super-

In contrast to the numerous studies that have visory levels above the buyer, then the
focused on incentive fee contracts, there has percentage awards fee the contractor earned
been little research on award fee contracts. was higher than if the FDO was only four
That may he a function of the fact that few levels over the buyer. They also found that
contracts used the award fee provision. As the satisfaction of the government (as mea-
can be seen on Exhibit 1, less than 2 percent sured by the percentage award fee paid) was
of all contracts, as measured by dollar higher as the frequency of evaluations was
amounts, used award fee contracts in 1977. increased. Moreover, they found that a pure
The other reason that award fee contracts CPAP wae superior to a combined CPIF and CPAF
may not have been more , .nsively researched but inferior to a combined FPI and CPAF
is that they are a relat rely new type of contract (25:52).
contract. Although they have been applied
by )1ASA since the early sixties, they have Byers found no statistically significant re-
been used only on an wxerimental basis by the lationship between the relative magnitude of
Army, Navy, and Air Force until 1968 when the award fee and the level of contractor
the award fee contract type was included in performance (4:81-82). In a study of 19
the ASPR (1:30). DARCOM contracts, Shirley H. Carter found

that the following factors were not signifi-
An early study of Navy and NASA contracts, by cantly related to the level of award fees:
Douglas Egan, concluded that the major "in- size of contract, magnitude of absolute
ce:tive" in the award fee system may "arise potential award fee, and relative size of the
frm the fact that a formal record of eval- potential award fees (potential awar. Lee as
uated performance is maintained," rather than a percentage of the estimated contract costs)
from the Immediate fee, crned (0:24). (0:30-35). However, she found that the level
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of award fees, had a statistically significant types of contracts to use fur a given procure-
negative relationship to the relative size of meat be more selective (for example, see

the fixed fee (as a percentage of estimated 1:132). Incentive contracting will he more
contract cost) (5:35-36). Similarly, the effective if it is selectively applied to the
level of award fees had a statistically signi- type of work and conditions that are amenable
ficant positive relationship to the relative to profit incentives (20). A study may be
size of award fees to total fees (5:36-37). undertaken to determine how closely the guide-
Thus, Carter concluded that award fees are lines of ASPR and the Incentive Contracting
more effective motivators of contractor per- Guide are followed and whether they should
formance; however, relatively large fixed be revised.
fees acted as a disincentive (5:36&40).

Another method recommended to improve con-
If one accepts the percentage of potential tracting in general, and incentive contrac-
award fee earned as a surrogate for govern- ting specifically, is to look at the inter-
ment satisfaction with a contractor's perfor- contract dependencies (1:133). That is,
mance, then research has shown that award broaden the outlook of the government from
fees are an effective motivator. The use- a contract-to-contract view to a more long-
fullness can be increased by taking the term perspective. That was a company's
following steps: make award fees a greater long-run return and risk relationship with
part of tet-l fees in a cost type contract; government can be examined in a meaningful
combine i aith an FPI, rather than a CPIF; inanner. This approach seems to support
increase tne frequency of evaluation; select Professor Hunt's view that we are dealing
an FDO that is five, rather than four super- with "fluid operational environment with
visory levels above the buyer; and use it on static and rigid contracts" (17:306).
service contracts rather than hardware con-
tracts. Runkle and Schmidt, Parker, and Belden

recommend that a study be initiated to
Although CPAF may be effective motivators, are determine the outcomes of incentive con-
they efficient? That is, do the benefits of tracting for small firms (1:133; 23:66; 26:
contractors' enhanced performance outweigh 63-64). One of the strongest recommendations
the costs of administering an award fee con- comes from Runkle and Schmidt. They maintain
tract? This question has not been, and may that when using award fee contracting, fre--
never be, answered. For as Carter points out, quent evaluations be made from a supervisory
"It... (is) quickly learned that it.. .(is) im- position that is five levels above the buyer
possible to isolate the administrativelcosts (26:62-63). Carter implies that the perfor-
(of CPAF contracts) with a reasonable amount mance evaluation conversion schemes should be
of resources" (5:28). analyzed with the possible aim of devising

a unitary system (5:41).

IMPROVING THE USE OF INCENTIVES
AND NEEDED RESEARCH CONCLUSION

Most of the research reports surveyed in this Professor Huns: warned us against "replacing
paper included recommendations for improving one set of over-simplifications ( the 'con
incentive contracting. In this section some ventional wisdom') with a new set" (17:296).

of the most commonly suggested recommendations However, that is what was attempted in this
will be listed. It must be added that all the paper. Volumes of extensive research were
questions about incentive contracting have distilled into a few pages and in some cases,
not yet been formulated; thus, much is still a single sentence. This distillation process
unknown. For example, we still do not know will not be fair to the authors of the re-
whether incentive contracts provide for any search or to the readers of this paper, un-
true economic benefit -- do they return more less the latter group goes back and reads the
than they cost? Nor, do we truly understand complete reports of the former group. This
the best methods of motivating management. If paper can be uaed to quickly locate the
contractors' primary motivation is to control important research projects pertaining to
their own fate, as Hunt suggests (17:151), then his or her area of curiosity. This saves
how do we provide incentives that complement the reader a time-consuming and tedious

this? If the contractor's primary motivation search through the literature. Thus, this
is risk reduction, can the government reduce paper is designed as a means of locating
the contractor's risk and save meney at the the answers, rather than as the answer it-
same time? Those questions, albeit fundamen- self. Furthermore, the reader should always
tal, must remain for future research projects. keep in mind that research, by its very

nature, is a dynamic process. Many of the
Several researchers have recommended that the conclusions reached in this paper may be up-

dated, revised, or reversed in the future.
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I7
FACTORS THAT INFLUENCE ORGANIZATIONAL PERFORMANCE

Raymond G. Hunt, Janet P. Near, Ira S. Rubin
State University of New York at Buffalo

This study approached the question of what de- influences on R&D performance than were other
termines performance by organizations from kinds, and that important "motivational" ori-
three directions: (I) perceptions or beliefs entations were long-term rather than short (cf.
of ranagers about what determines organization ratings on production follow-on vs. contract-
performance; (2) interrelations of measures of ual profit trade-offs).
those beliefs with other measures of motiva-
tion; and (3) managers' views about what makes To explore the structure of the ratings on the
for effective R&D performance, ten R&D performance influence items they were

factor analyzed with an orthogonal (varimax)
r,,nrlon. Three factors rcsultetl,explaining

THE STUDY 48% of the %.: :-nce before rotation.

As part of ., 'aror NASA-funded study, ques- The first factor reflects a tack orientation,
tionnaires wkre ob-ained by mail from 1283 re- referring to planning and specifistion as-
spondents employed by one or another NASA/DoD pects of the project itself. The second
R&D contracting agency, or by a private R&D factor refers to the contract as an influence
contractor. in addition, -ersonal interviews on project performance. The third factor
were done with 64 technical managers in the concerns interpersonal relations, both within
same kinds of orgpaizations. Respondents gen- the contractor organization and between it and
erally held middle- to upper-level management the governm~ent sponsor. Factor scores were
positions: all were males [2]. computed on each of these three factors, re-

flecting perceptions of factors which influ-
ence performance. These are found in Table 3.

MEASURES OF PERFORMANCE The tendency Just noted for contractors to
regard the influence of contract per se as

Performance Influence. On a six-point scale, lower than government people is evidenced
respondents rated ten items which "may affect there in a significant difference between
contractor performance of R&D contract." their scores on the pertinent factor.
Means of these ratings are in Table I, with the
item rank orderings. As can be seen, most of Environmental Constraints. Presented with ten
the items are judged to express conditions pairs of Items, respondents were asked their
having relatively strong effects on R&D per- "views about the factors controlt ng contrac-

formance. Only three items are rated toward tor project performance." Each item pair in-
the "weak" side of the scale. These are: cluded one statement claiming that organiza-
"contractual possibilities for profit trade- tional factors influenced some aspect of per-
offs" (by conensus the weakest of the ten formance and another arguing that environmen-
influences), "quality of Interpersonal rela- tal factors influenced that aspect of perform-

tions within contractor organization" (which ance. Respondents were asked to check the one
contractors think is more important than do item they "more strongly believe to be the
government respondents), and "nature of pro- case."
curement" (which government people think is
more important than do contractors). Table 2 shows pronounced asymmetries in the

relative popularity of some of the two re-

Government-contractor agreement in the ordering sponse alternatives. For example, the great

of the individual items is quite close. (The majority of our respondents felt that "most
rank correlation between the sets of ratings project difficulties result from mistakes
is .94.) Hence, the "All ''spondents" column made by people;" they did not believe that
of Table I conveys & con, .sus on the relative "[they] are produced by ccnt'aly uncin-
importance of the 10 it.!mized performance in- trollable events and really are nobody's
fluences. It will be seen that the three most fault." Correspondingl), respondents said
important perceived influences include two that "project outcome is mainly a result of
"structural" considerations (clarity of Job operational decisions made along the way" in-
specs and contractor's work plan) and a "moti- stead of saying that "once a contract has been
vational" one (prospects for production follow- structured and a project initiated its otcome

on). The three least important influences is pretty well determined," thereby, once a-
were two "contractual" elements (nature of the gain,downgrading the perceived Importance of
procurement and contractual possibilities for contract ai a determiner of performance.
profit trade-offs) and one "human relations"
consideration (quality of interpersonal rela- Some other items divided our respond- , more
tions within contractor organization). It evenly. For instance, roughly equal numbers
seems fair to say that project-particular of them said "for the most part my operational
"structural" influences were seen as weightier decisions are prescribed by regulations and
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other higher-level policies," as claimed that describe our measures of individual and corp,
"by and large I have a good deal of lattitude ate motivation.
In making operational decisions as I see fit."
However, this pair of items shows the only Corporate Goals. Contractor respondents rated
clear reversal of endorsement as between gov- 40 items on a six-point scale as to "how Im-
ernment and contractor respondents; two-thirds portant an influence upon policy or operational
of the former endorse the first-mentioned al- decision-making in the company for which you
ternative, whereas two-thirds of the latter iresently work do you believe it is." Govern-
endorse the second-mentioned one. ent respondents rated the same 40 goals "for

the typical firms with which you have had ex-
Intercorrelations among these ten items were p rlence." The 40 ratings were subjected to a
extremely low. But, rather than treat them as pi tncipal components analysis With an ortho-
separate perceptions, an "environmental con- go, al (varimax) rotation. Nine factors
straints" scale was constructed by coding items app eared, explaining 58% of the variance before
as either environmental ("I") or organizational rot tion [3).
("2") and summing the scores. Scores could
thus range from a low of ten to a high of Indi 'idual Goals. Respondents also rated their
twenty. A low score reflects a perception persta-al work goals on a six-point "importance"
that environmental factors constrain project scale They rated them in the context of
performance. A high score reflects a percep- makint "the decision a. to whether to accept a
tion that factors within the organization's new polition open to you." A principal con-
control exert greater influence on project ponenti analysis of these ratings, using an
performance. This measure reflects the amount orthogotal (varlmax) rotation, yielded seven
of uncertainty perceived in the organization's factors explaining 56% of the variance before
environment, as opposed to its capacity to rotation
control this uncertainty, and the effect on
performance. Table 3 d'splays factor scores by group for

each goal. As can be seen, contractors seeMean scores on this scale are shown in the "effective performance" and "image-making" as
first row of Table 3. In general, they indi- more impor-ant, and "risk aversion" as a less
cate that our respondents favored a belief in important c)rporate goal than do government
organizational ability to control its own per- people. Cotzplementarily, government respon-
formance, or to control uncertainty in its dents describe "safety-comfort" as a more im-
environment. Government respondents, however, portant, and "esteem" and "power-responsibility
were less convinced of this. as less important individual goals than do

contractors. Overall, there was some relation-
ship between (orporate goals and individual

MOTIVATION AND PERFORMANCE goals, but it ias not as strong as might per-
haps have been expected [3].

A common assumption in organization theory,
procurement and project management alike is Organization ant Respondent Variables.
that an organization's performance reflects Characteristics if the organization and the
something about it and its members' "motives" respondents were also used as predictor vari-
11. Yet the relationship between motivation ables. These Intluded: whether or not
and performance has been studied much more (respondent) workeid for the government or a
often at the individual than at the organiza- contractor; and, .*or contractors, sales volume,
tional level [5]. Therefore, in this study we percentage of govrnment and R&D work. Alse
explored the structural linkages of motivation included are R's elucation and job function,
and organizational performance as these are
implied by the relevant perceptions of organi- Findings from Regretsion Analyses. The basic
zation members. Thus we used perceptual question under invettlgation was whether per-
proxies for actual motivational and performance ceptions of factors nfluencing organizational
variables, and examined their patterning. performance may be pyedicted from three other: perceptual measures &,id six measures ofThe dependent variable for this part of the

study was respondents' perceptions of what characteristics of th. respondent and his or-

factors influence the performance of a parti- ganJztion.
hierarchic regression anslyses, included A series of one-way anlyses of variance on the
hiearc rg ressio anye sto vaincluedn

respondents' perceptions of their organiza- dependent varipble was 'trot completed to check

tions' motives and goals, their perceptions of whether differences in ,erceptions were sys-
their own personal goals, and their perceptions tematically determined ly differences in the

of environmental constraints which affect background of the responlent or his organiza-
performance (measures of which we have just tion. No substantial di ferences in managerial

described). "Objective" predictor variables perceptions of organizat nal performance could
concerning background characteristics of the be attributed to such bac ground differences.
respondent and his organization also were used;
it remains to specify these variables and toanaly-t rses were done, taking manaferial perceptions
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of organizational performance as the dependent at worst irrational and at best satisficing[41,
variable, with the other perceptual and back- but the portrayal of organization decision-
ground measures (treated as dummy variables) as making implied by these results is somewhat

predictor variables. (Intercorrelation among surprising.
predictor variables was minimal.)

Assume that an organization's operations are
The large number of predictor variables (14 the product of decision-making in multiple
perceptual measures, 19 respondent and organ- areas: the picture presented by the data at
Ization characteristics variables) probably hand is that this decision-making is not at all
make the regression coefficients produced by integrated. Organization goals seemingly are
the regression analyses unreliable. As an al- determined without reference to environmental
ternative method of assessing the relative im- constraints on the meeting of those goals, or
portance of groups of predictor variables, he how those broad goals are related to the
increment in variance explained (multip]e RL) factors which influence the performance of a
may be examined at each step of a stepwise particular project. 1he integration may not in
hierarchical regression analysis. pr.v-ce be so poor as is depicted by aggregat-

ing discrete perceptions of members of the or-
Each o the three performance influence factors ganizations involved, but the fact that the
was taken as the dependent variable, in turn. imagery of these members suggest it to be so
All respondu.at characteristics variables were poor is noteworthy in itself.
entered in the analyses on the first step,
followed by the organization characteristics
variables. Together these "objective" measures EFFECTIVE PERFORMANCE
explained very little variance in the perform-
ance influence factors (R -.O0-.03). Our survey data dealt with the kinds of things

that influerce performance in general. There-
The perceptions of environmental constraints fore, although one would expect overlap, in our
variable was entered on the third step of the interviews with project management personnel we
analyses. This variable does not add much to raised the more particular question of what it
the variance explained in the performance In- took to produce effective performance. Space
fluence factors (R

2
-.00-.03). allows us only to summarize certain of our

findings.
The Individual goals factors were entered on
the fourth step of the analyses and the cor- We asked each interviewee (N-64) what he be-
porate goals factors on the fifth step. To- lieved to be "the essential conditions for
gether they add about ten percent additional effective [R&D] project performance," and
variance explained to the total (R

2
.10-.12). coded their responses into five classes of

categories: (1) understanding of work state-
The order in which variables are entered in a ments, specifications and the like; (2) avail-
stepwise regression analysis affects the amount ability of resources (financial, technical, and
of variance they explain. The order of en- other); (3) modes of project organization; (4)
trance used here reflects an attempt .o assess, relations between the contractor and the pro-
the effect of the three predictor variables curement agency; and (5) the effects of con-
which are perceptual in nature on the dependent tracts.
variable, once the effects of objective vari-
ables have been accounted for. The results By and large, our interviewees emphasized as
suggest that the perceptual variables contri- contributors to effective performance such
bute most to the total variance explained, things as clear work statements and specifica-
even beyond the variance explained by the ob- tIons, along with the availability of re-
jective variables, but the overall amount of sources; they deemphasized modes of project
variance they explain (between twn and twelve organization, contractor-customer relations,
percent) still is not substantial. and contracts, per se. However, of all the

specific conditions for effective performance,
With respect to the quet on of what these the one most prominently mentioned was "having
perceptions reflect aLout the actual operating capable technical personnel."
or: anizatlon and/or Its members we con-
cl-ide 'hat the evidence here, though not ex-
tensive, suggests that the perceptions are not CONCLUSIONS
mere epiphenomena, not simply an expression of A
the perceiver's ;tewpoint; instead they re- A need for capable technical people to assore
flect the literal everyday life of the organi- effective R&D project performance may seem
zation. And, they Indicate that life to be obvious. But the idea may also have a less

rather diojointed: goals of the organization obvious implication, Placed in juxtaposition
and its subuystemu, as well as perceptions of with, on one qide, our itter6!. wee'a secondary
environmental constraints, appear to be only emphasis on clarity and rationality ' work
weakly related to conceptions 6bout what fac- statement, and, on the other side, with the
bora influence project performance. Some somewhat disorderly or unintegrated view of
analysts have suggested that organizations are organizational decision-makirg suggested
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CONTRACT DISPUTES AND APPEALS: RESPONSIVE PROCEDURES ARE NEEDED

Captain Thomas L. Alexander
Air Command and Staff College

Introduction authorities granted. The Armed Services Pro-

curement Regulation only briefly covers dis-
Administrative procedures for resolution putes and appeals procedurally in ASPR 1-314.

of Government contract disputes have been a The failure of the regulation to provide
subject of controversy for many years. adequate guidance and to fully address the
Recently, however, demands for procedures extent of negotiation and adjudication of dis-
improvement have been voiced by almost all putes at the contracting officer level has
segments of the Government contract arena, been responsible for an increased volume of

appeals. (3:2) In addition, the contracting
Contractors have become frustrated with officer confronts a dual-role dilemma.

the time-consuming expensive procedures. At
the same time, economic conditions have In most disputes there have been attempts
forced contractors to saturate the appeals to negotiate a compromise mutual agreement in
boards with claims involving relatively an effort to resolve the problem. if un-
small monetary amounts. In turn, the resolved, the controversy deepens and becomes
increased number of small claims adds to the static as each side becomes more firm in its
existing appeals backlog and thereby own position. The contracting officer repre-

lengthens the overall time involved in the sents the Government and protects what is
appeals process. As a result, competition believed to he the Government'b interest. 1he
suffers as more and more contractors become contractor protects his own interest in this
disgust-o with the inefficiency and expense adversary stage of the dispute. In this stage,
of the system. (5:2-3) the contracting officer is reflecting his

responsibility to the Government, his employer,
This study reviews administrative proce- as required bv regulation. Assuming that the

dures, workload data, and processing time- Government's position is based on good faith
frames for contract disputes and appeals to and sound judgement, it is the contracting
determine if revisions are needed. The officer's duty to enforce the position. It
problems examined include the contracting is also natural for the contracting officer
officer's dilemma and the Armed Services to assoLiate very closely with the Government
Board of Contract Appeals process for appeals position since, ir fact, it is the result of
involving $25,000 or less. Perspectives of his personal conclusions based on a review of
several possible solutions to the problems Pvailable information and staff coordination.
are described. The study concludes that new Regardless of advice, assistance, or support
procedures should be implemented to restore obtained, the decision is the personal
flexibility and responsiveness to contract responsibility of the contracting officer.
disputes and appeal procedures. Several Therefore, from the contracting officer's
specific solutions are recommended for perspective, there is something akin to "pride
implementation in developing responsive of authorship" that may reinforce the con-
administrative procedures. tracting officer's position and increase the

adversary nature of the dispute. (1:73-74)
Disputes

When the contractor requests a final
Government contract dispute procedures decision from the contracting officer, the

have been defined as the adminsitrative contracting officer's role changes. The role
resolution of controversies arising under a changes from one involving discussion and
Government contract, the final stages of negotiation of positions to one of the quasi-
which are adjudicative in nature. The primary judicial nature. In this new role, the con-
purpose in using administrative procedures tracting officer is required to render a fair
has been to provide an expeditious and and impartial decision, based on the available
inexpensive mechanism for settling disputes facts and legal advice, and the contractor is
between contractors and the Government with- required to proceed with contract performance
out resorting to the court system. When a in accordance with the contracting officer's
contract controversy Is defined as a dispute decision. One author has compared the dual
subject to the administrative procedure, the role as analogous to a lawyer arguing a cne.
contractor acquires an avenue for prompt and then putting on the judicial robes and
settlement and forgoes the breach of contract rendering the decision on the case just
remedy. (6:1) That avenue for prompt argued. The personal equation is difficult
settlement begins with the Government's to exclude from the official position of a
contracting officer, contracting officer. The problem, then, is

that the same individual is making a final
A contracting officer's authority to decision as to the validity of his own pre-

resolve disputes is one of the most challeng- vious arguments and conclusions. Human
ing and yet one of the most unregulated of the nature normally dictates the outcome of this

dual role dilemma. (1:75)
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One perspective of this problem is that, process of law. (5:15-17)

despite the best of intentions, integrity,
and talent, contracting officers are, like Several other factors effect the proce-

everyone else, human, and therefore subject dures problem in addition to the increased
to human falltbility. (1:76) A second due process factor. Among them are inflation

perspective states that contracting officers and the increasing complexity of Government
do not render decisions in a fair and impar- procurements. With the shift to increased
tial manner and have ignored their judicial use of fixed price contracts, inflation and
role in most disputes. This is attributed defective specifications have forced contrac-
to lack of motivation to settle the dispute tors to file appeals and claims or face
at any point less than completely favorable financial losses on many Government contracts.
to the Government. This perspective con- Therefore, the Board wor!cload began to
tends that contracting officers nust pursue increase significantly. This, coupled with
an adversary role in order to protect them- the additional time and expense caused by due
selves; realistically, shifting roles is process requirements, created the present
difficult. In short, this perspective states situotion in which appeals are time-consuming,

that the contracting officer would prefer to expensive, and frustrating for both the con-
shift the dispute to ASBCA without judicial tractor and the Government. In short, the
consideratron n his part. (3:1-7) procedures are no longer respon&!ve to the

need for efficient, economical, settlenent of
In summary, contracting officer's duties appeals. (4:354-358)

require that they be prepared to change roles
in contract dispute situations, and the dual The following tables are intended to
roles are perceived as a dilemma which illustrate the workload and time problems
requires expanded procedures for proper involving appeals under the existing proce-1 resolution. However, this dilemma is only dures. The information was furnished by the
the first problem. A second problem area ASBCA. (9:1-6)

arises when an appeal of the contracting
officer's final decision is filed with the Table I
Armed Services Board of Contract Appeals
(ASBCA). Appeals Data

Armed Services Board of Contract Appeals

Appeals and the ASBCA During FY's 1974-1977

The problem presented here deals with the FY74 FY75 FY76 FY77
current process of appealing a final decision
and the lack of responsive, inexpensive pro- 1. Method of Award:
ced-ires for appeals under $25,000.

Advertised 558 669 544 462
An appeal to the Board is initiated by a Negotiated 429 387 374 371

notice of appeal which is filed with the con- J

tractin& orficer. Within 30 days after the 2. Contract Type:

appeal is docketed at the Board, the appel-
lant must file the formal complaint setting Firm Fixed Price 768 777 757 713
forth clearly the basis of each claim and the All Other 198 259 161 120
dollar amounts involved. The Government must
file an answer to the complaint and the 3. Time of Docket
various claims. Either party may submit a (Days from date <
pre-hearing brief. Also, either party can of docketing to
request a hearing or may submit its case on date of decision):
the basis of the record. Testimony and other
evidence may be introduced and the proceedings All cases: J
are recorded as a crar :ipt of record. The Average 442 420 387 451
procedures have becomt *ighly judicial in !Hedian 345 300 284 344

nature because of several landmark court
decision and Congressional legislation which Rule 12 cases:
affected the Board procedures. (6:41-43) Average 224 205 217 241

The incorporation of the court decisions and Median 180 193 179 211
Federal legislation has forced the Board to
provide more due process constraints in their
proceedings. As a result, the Board proce-
dures became more formal, more expensive,
and more time-consuming. The contractor
normally obtains an attorney and spends time A
in hearings, etc. Part of the problem
revolves around the contractor's need for
speed and economy versus the need for due
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Table 2 Just ice have emphanied due piocc .. -it the .

expense of both Spk.ed and e'ott, and that the
Dispersion of ASBCA Claims procedures have become formai~iipd by demands

for judicial type safeguard:.. Furt hermore,
*July 1971 -April 1974 the Commission found that the pteqent proce-

dures provide neither fiil I due process for
0 - $25,000 317-50.4% (317 5. large, complex claims, nor a fast and incxpen-

25,000 - $100,000 147 (69sive means of resolving small claims. The
$100,000 -$500,000 99 overriding problem with the present system, as
$500,000 and uip 66 determined by the Commission, is the attempt

629 to adjudicate appeals and claims across the
entire spectrum of size and complexity.

*May 1974 - April 1975 (5:19-22)

0 - $ 25,000 360u52.6% (360 POSSIE1 SOLUTIONS
$ 25,000 - $100,000 168 (68 52.6%)
$100,000 - $500,000 104 Separation of Contracting Officer Roles
$500,000 and up 52

684 The contracting officer's diienri has

May 975 pril1976several possible solutions. Regardless of
* Ma 197 - Aril 976the ultimate solution to the dilemma, the

regulations, particularly the ASPR, shaotld
0 - $25,000 381-54.6% (381 be revised to better describe the proper

S 25.00.1 - $100.000 134 _9 46) actions and roles of the contracting officer
$100,000 - $500,000 131 during disputes and appeals. Many experts
$500,000 and up 51 say the contracting officer is supposed to

697 get the "best deal" possible for the Govern-
ment; however, procurement regulat ions do nut.

M ay 1976 - April 1977 clearly define that requirement. There Is
almost no guidance on disputes. Tile roles

0 - $ 25,000 311-51.0% (311 should be analyzed and the regulations
$ 25,000 - $100,000 150 C61-0 51,0%) revised accordingly. When the negotiation of
$100,000 - $500,000 91 a claim breaks down, and the contractor
S500,000 and up 58 requests a final decision, the ASPR should be

610 more explicit In defining the requirements
___________________________________ and content of a fair and impartial decision.

*Period covered does not correspond to Also, additional guidance is needed to insure
Fiscal Year: data was not provided on a that the negotiations are conducted with
fiscal basis. impartiplity and a cooperative business-like

approach. (3:11)
It is apparent that the Board currently

has a backlog. Also, appeals are substan- Perhaps the dilemma could be resolved by
tially higher for advertised awards when com- providing a separate contracting officer
pared to negotiated awards. Likewise, firm- position at a higher procuremen:. -iuthority
fixed price (FFP) contract& are appealed a level (such as major command and IIStk head-
much greater percentage of the time than quarters). The position should also be
other type:; of contracts, organizationally separated from the contract-

Ing officer involved In the dispute. This
tThe "Tine on Docket" information illus- contracting officer, who could be called a r

trates the time problem. The average time Disputes Contracting Officer (I)CO), would
exceeds 1 year, and even the median figures, take jurisdiction of the dispute when notified
which discount extreme values, reflect a that negotiations had failed. The DC') would
10-12 month timeframe for adjudication, be responsible to review the conltract and all

documents Involved In the dispute. Informal
Appeals of less than $25,000 are approxi- arguments could be heard by the DCO prior to

mately 50 percent of the total of all appeals issuance of hia final decision. An appeal
filed during 1973-77. The Commission on to the Board could still be made by the coil-
Government Procurement found that 61 percent tractor. Present procedureb could also be 5
of the ASRCA appeals in 1972 were for less revised to allow claims of less than $25,000

jthan $25,000. (5:15) In either case, It is to be submitted directly to a small claims
significant to the problem of responsive pro- forutq or to the proper court if not settled
reaures. by the DCO. The ASHCA process could be an

option for small clalmrc, based on contractorA
The need for a flexible and responsive desires. Tie advantage to this procedurc

appeals system was also addressed by the change Is that a more Impartial third party I

Comnmission on Government Procurement. The would make the final decision and the original
Commission reported that the dictates of contracting officer would not have to change
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roles from negotiator to adjudicator. No new provides that the ASBCA, or other boards
role would be introduced, but the Judicial formed to act on small claims, would he
role would be filled by someone in a better allowed to dispose of all appeals under
position to provide impartial and lair treat- $25,000, some of which presently must be
ment to both parties. (3:10) The impact of decided by the court system. This procedure
this suggested procedure appears to be a shift would provide flexibility and jlo reduce
of responsibility and authority. in some time and expence to the contractor. The new
instances, contractors and/or the contracting procedure would allow the contractor the
officer might *,atl to negotiate adequately, option of appealing to an administrative
in order to pass tie problem to the DCO for forum, or appealing directly to the court
resolution. Iowever, the basic concept system, if full judicial consideration was
seems to be a means of resolving the contract- desired. The main advantages to this solution
ing officer dilemia. (1:81) are (1) the "all disputes" provision which

would encompass disputes not covered by con-
ppeas Under $25,000 tract terms--presently outside the jurisdic-

.. . of the ASBCA and (2) the contractor'z,
' review of the dispersion of claims in option to e.e-t either the administrative

Table 2 t"ic ': discloses that approximately process or the judicial process when filing
50-55 percent Cf the monetary claims were for an appeal. At present, the adminisrrative
amounts of less than $25,000. Most author- Board process must be completed .eforc the
tiLes agre, that claims in that category are contractor can fl.e an appeal in the -ourL
conqidered to be small claims and should be system. (2:123-124)
ha.iled in a reasonable rapid manner without
lengthy involved procedures. The existing Conclusions
procedures have failed to provide adequate
flexibility and responsiveness. (5:20) The solutions presented in this study

discuss methods of improving the existing pro-A resolution proposed by the Commission cedures and thereby restore effective resoiu-

on Government Procurement offers one pe'spec- tion of disputes and appeals at minimum
tive of a more responsive and flexible admin- expense. Flexibility and respensiveness can
istrative system. The Commission stated that be restored by:
justice and efficient operation can best be
obtained by a system Which provides alterna- (1) separating the roles of the con-
tive forums for resolution of particular tracting officer and providing Disputes Con-
kinds of disputes. The contractor should be tracting Officers who would take juristiction
able to choose a forum based on his needs in of the contract when settlement negotiations

0each particular case; forums where the degree breakdown, thereby elininating the present
of due proces; can be judged against the time dual role dilemma,
and expense involved. The Commission recom-
mended establIshment of a series of small (2) establishing a series of small
clairs hIoards as one means of providing fast, claims boards for claims under S25,000 as
relatively Informal and inexpensive adjudica- rcecovended by the Commission,
ties o' appeals claims of $25,000 or less.
Phe small claims boards would be geographic- (3) revising the present Disputes
ally dispersed and would operate under clause to cover all disputes resulting "from
informal, accelerated procedures, with the the contract" for claims under $25,000 to
preJent ASBCA no longer utilizing an provide options for the contractors.
accelerated procedure. (5:17-18) Under the
solution proposed by the Coumission, the Recommendations
contractor would have the option of filing
an appeal involving $25,000 or less with In this author's opinion the following
either a small claim -oard, or the ASBCA, actions are recommended as a means of resolv-
depending on the an .z of due process, ti.ne ing the problems reviewed in this study.
and expense deter ir. necessary by the con-
tractor. Adverse decisions of the small (I) Revise policies, procedures and
claims board could receive a new trial In procurement regulations to provide improved
court, if desired by the contractor. This guidance for contracting officers; establish
provision would tend to allow the small a combination of appeals forums to provide
claims boards to reaair. informal and reason- tne contractor with forum options in order
ably inexpensive. (5:22) to improve the responsiveness and flexibility

Another possible solution pertinent to of Government contract appeal procedures.

claim under $25,000 concerns revision of the (2) Resolve the contracting officer's
"Ditsputes" clause to provide coverage of "all dual role dilemmik by separating the roles ard
disputes resu~lting from a contract." Specif- providing a separate Disputes ' .ratting
Icall~ involved under rhis limited change are Officer (DCO) for disputes and uppeals.
all appeala under S25,000. Thin solution
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(3) Provide additional appeals forums 8. Armed Service, Procurement
specifically oriented to resolving appeals Regulation, 1976, Part 1, Section 3,
involving $25,000 or less. The small claims "General Policies," Washington:
boards recommended by tle Commission should be Government PrIn.inB Office, (I July
established to fulfill this requirement. The 1976).
small claimc boards should operate with
informal, fast, and inexpensive procedures. 9. Recorder, Armed Services Board of Contract
In addition, the Disputes clause should be Appeals. "Appeals Data: Fiscal Year

revised to piovide coverage of "all disputes" 1973-1977," Alexandria, Va., (October
involving $25,000 or less. The boards wouild 1977).
then decide all appeals below $25,000 in
value unless the contractor chose to appeal
directly to the court systes..

(4) Provide various appeal options
based on levels of due process, time, and
expense. The contractor should be provided
the flexibility to decide which appeals forum
is best suited to his needs. The options
recommended are small calims bcerds, ASBCA,
and the court system.

The implementation of the above recomen-
dat ions should fulfill the need for responoive
administrative procedures for contract dis-

putes and appeals.
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CONTRACTOR RISK ASSOCIATED WITH RELIABILITY IMPROVEMENT WARRANTY

Harold S. Balaban, ARINC Research Corporation
Martin A. Meth, Office of Assistant Secretary of Defense

ABSTRACT warranty period, the contractor must decide if
he should make further investment to correct
such a problem and thus reduce future warranty

The results of a DoD tri-service-sponsored study repair costs.
to investigate contractor risks associated with
reliability improvement warranties (RIW) are Although a number of warranty coitra-ts have
summarized in this paper. To provide appropri- been negotiated with defense industry companies,

ate background, the RIW and RIW/MTBF guarantee considerable concern has been voiced about the
concepts are first reviewed. Key contractor- risks inherent in the form of warranty cur-
risk assessment models are developed and related rently being applied. The Council of Defense
to the issues of MTBF predictability and and Space Industries Association (CODSIA) has
contractor warranty pricing.2  been the focal point for much of industry's

concern with the degree of risk. In response

1o this concern, the Department of Defense has
INTRODUCTION issued guidelines for warranty unplementation

that place particular emphasis on tailorinq
the terms of the RIW so that the rewards and

A number of studies have indicated that military risks to botth government and industry are ac-
equipment is often less reliable than expected ceptable.2 In addition, a tzi-service contract
or specified and in some cases is significantly was awarded to ARINC Research Corporation to
less reliable than comparable commercial equip- examine risk issues, to determine their scope,
ment (2][8][9) . Poor reliability, of course, in- and to suggest alternatives or modifications
creases maintenance and logistic support costs that would prevent excessive warianty Lisk.
and reduces operational readiness. To counter
undesirable trends in support cost and readi-- This paper presents the major results of the
ness, long-term, comprehensive warranties are study (4]. The primary RIW and MTBF guarantee
beinS applied in a number of military equipment risk factors that were identified, together
procurements. The approach is known generall, with the suggested means for controlling such
as the reliability improvement warranty (RIW). risks, are reviewed. Approaches for quantita-

tive assessment of contractor risk are then
There are many approaches for structuring RIW described, with emphasis on reliability-
terms and conditions to cover various contin- prediction uncertainty. The conclusions and
gencies. Basically, all RIW contracts contain recommendations developed in this study are
provisions for the equipment producer to assume then summarized.
responsibility for certain types of repair serv-
ices for the warranted equipment over an ex-
tended period and to charge a fixed price for CONTROLLING RIW RISKS
these services. One of the most frequently used
variations is to include a provision whereby the
contractor guarantees that a stated mean time The risks associated with RIW contractual com-
between failures (MTBF) will be experienced by mitments can be examined both quantitatively
the equipment in the operating environment. If and qualitatively. The quantitative approach
the guaranteed level is not met, the contractor permits an objective assessment of the risks
must provide relief, such as instituting correc- involved. The qualitative approach supports

tive action and supplying consignment spares such assessment by addressing areas of uncer-
until the MTBF improves. Inherent in all R:W tainty that cannot be studied quantitatively
contracts is an incentive for the manufacturer and by suggesting approaches to reducing the
to design and produce reliable equipment. Pro- number of significant risk variables.
fits are reduced with each unit returned for
warranty service, and the contractor must deter- Our qualitative examination involved de-
mine how much to inest in design and production tailed discussions with experienced RIW con-
to achieve a product with a level of reliability tractors to gain an understanding of their
that will maximize profits. In addition, if an misgivings, a review of industry's position
unexpected reliability problem arises during the

'Opinions expressed in this paper are those of 
2Assistant Secretary of Defense (I&L) Memoran-

the authors and do r.ot necessarily represent dum, 16 September 1975, "Reliability Improve
those of the Department of Defense. ment Warranty (RIW) Guidelines".

01978 The Institute of Electrical and Electronics Engineers, Inc.
Reprinted from PROCEEDINGS 1970 ANNUAL RELIABILITY md MAINTAINABILITY SYMPOSIUM
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as represented by CODSIA,3 and a study of past current RIW knowledge. It is 3cknowledged that
warranty contracts. We found that contractors problems may arise in a given procurement that
are faced with both explicit and implicit risks. may be unique to the program or represent a set

The former are directly associated with the of new circumstances requiring the addition of
contractor's entering into the warranty agree- new provisions. Finally, even with protective
ment and may include-the following: provisions, it is important that RIW and RIW/

MTBF-guarantee is carefully applied only to
The contractor cannot precisely determine the situations in which there is reasonable expec-
frequency of failure or the cost to repair. tations of achieving desired field performance.

Equipment is subjected to unforeseen opera-
tional stresses, causing it to fail more
frequently.CONTROLLING RISKS OF MTBF GUARANTEE

By mishandling or tampering, military main-
tenance personnel may cause failures beyond The inc2usion of an MTBF guarantee in the RIW
contractor control. cu.,tr",t merits special attention. In most

* Inc-eased equipment usage will increase cases, the gu.aneed-TBF provision requiresthe contractor to provide consignment spares in
the event operational MTBF doeu no, meet a

Slow government processing of reliability and specified level. The contractor it alqo obli-
maintainability Engineering Change Proposals gated to improve the equipment to resolve the
(ECPs) will hamper the improvement process. reliability deficiency, and the government re-

The contractor may bid too low a price be- tains the consignment spares until such im-
provement is achieved. Careful considerationcause of competitive pressures, optimistic must be given to the additional risk associated

reliability and maintainability estimates, or with this 1otentially costly obligation.
misinterpretation of provisions.

The inflation rate may exceed planned levels, The MTBF-guarantee provisions should not be
affecting labor, material, and overhaul costs, included for the newer-technology items when

there is great uncertainty about reliability
The implied risks are less clearly defined. An prediction because of a limited data base on
RIW can affect sales and profit the contractor similar equipment. In addition, the provision
might realize on the equipment without an RIW. requiring consignment spares may not be appli-
Additional contractor income has resulted from cable if the prrduction run does not coincide
ECPs, spare part sales, and contract maintenance with the coverage period.
112). ;.lthough the RIW in itself represents
add2tional sales, it may adversely affect the The definition and measurement of MTBF must be
sales resulting from these sources. Conversely, carefully stipulated and completeiy understood
it can he argued that the RIW will lead to a by both parties. In most cases, not all equip-
superior product that could ultimately result in ment returns are included in the calculation
more end-item sales. Contractors whc desire to (e.g., excluded failures and unverified fail-
increase their share of the market, enhance the ures). Since military service data systems do
probability of follow-on awards, promote product- not normally provide direct reporting of total
line growth, or foster public relations may operating time, clearly delineated procedures for
choose to enter into a warranty agreement. In for obtaining such data must be developed. The
effect, a management decision is made to forego liabilities associated with the MTBF guarantee
short-term profits for what are viewed as long- must be kept within reasonable limits. The
term benefits. following are suggested approaches: A

Provide a.grace period before invoking the
RIW RISK FACTORS MTDF guarantee so that initial production and

installation probjems can be resolved. -1o

Some important factors rt- ated to these contrac- State a maximum nimber of consignment sparesthe contractor may ha-e to provide and in-tor dlude a provision requiring timely government
lists proposed risk-reduction approaches. Ac- return of consignment spares as stipulated in
tions that might be taken to limit or preclude the contract.
the risks are presented in the column headed
"Risk-Reduction Approach". The factors presented Permit the contractor to offer, as new equip-
in Table I constitute many of the risks likely to ment, consignment spares that have bcen re-
be enounterl.d in RIW contracting; they represent turned and refurbished

* If the equipment MI1'BF achieves the highestrequired level prior to c., -ract termination, .3Letters to Director, U.S. Army Procurement Re- reqievelriot ract erminaton,
relieve the contractor of the nee demon-search Office, July 1975; Chairman, Tri-Service strate further compliance. T

Reliability and Support Incentives Group,
December 197S; and Director of Procurement
Policy, LGP, USAF, April 1976.
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Table 1. Contractor RIW Risk Factors and Risk Reduction Approaches

Risk Factor Risk Reduction Approach

Late notification of intention to The intention to use warranty should be made known to the contractor as eatly as
use warrAnty possible during engineering development so that he will have maximum~ opportunity to

optimize his design.

Dtaile governmet specification Functional specifications should bo used to the maximum extent to vormt decign
of item design flexibility.

Application of RIW to advanced Warranty may not be appropriate for completely revolutionary desion. When applied
technology to new tI=hnolcy, the program funding and schedule should allow for adi'quate

reliability testing. A cost-sharing 11W agreement could be considcred.

Reliability-prediction uncertainty The government should specify only a minimum acceptable level of reliability.
Operational and environmental data should be provided to the contractor. Adequate
time and funding for necessary reliability testing should be included in the
contract.

Unpredictability of inflation rates The warranty price should be tied to economic adjustment provisions to aicount for
for long-term agreements inflation.

Failures outside contractor control Exclusions should be provided for such instances as acts of God, fire, explosion,
submersion, flood, combat damage, aircraft crash, and unauthorized tampering by
government personnel. Exclusions for mishandling should be carefully worded.

Large number of unverified failures Contractual provisions should be made for sharing the costs of procesbing good
('test goods") returned to returns.
contractor

Item usage rate not precisely known The contract should provide for a price adjustment for significant vat itions in
usage rate, or seek a cut-off on total operation time.

Data not supplied to contractor as Contract provisions should include oovernment responsibilities for nestlng data
required obligations in a timely manner. Contractor obligations for warranty performance

may be related to receipt of applicable data.

Shipping deitinations of warranted If there is significant uncertainty about shipping costs, the government should
items may not be known at time of assuan these costs.
bidding

Effect on turnaround time of events Relief from turnaround-time obligation should be included as part of thte contract.
outside contractor control (e.g.,
strike, uneven flow of failed
units)

Time-consuming procedures for ECP Warranty provisions should provide for expeditious approval of ECPs. perhaps by
approval automatic approval unless notification is given within a certain time limit.

Do not invoke a guarantee on mean time be- quantification must consider the reasons why

tween removals unless the pr)duct is very a contractor maypropose or contract for an

mature. Limits might be established on the RIW
"no trouble found" returns to provide for
bquitable risk sharing. It is part of the RFP and the contractor has

no choice if he is to be responsive.

Common to all the factors discussed is that •He believes that the RIW can provide addS-
mechanisms to reduce risk can be evolved and tional profit on the contract.
included in the equipment specification or tW
contract. Review of existing RIW contracts * He believes that RIW is the "coming thing" V
also indicates that once risk-reduction ap- and that the particular contract will serve
proaches are established, they are applicable as a good learning vehicle.
from contract to contract. This suggests that He believes that the RIW will give him a
as experience is gained in RIW contracting, competitive edge for future awards.
problems associated with many of the risk fac- e

tors can be routinely resolved and eventually The first two reasons listed are related pri- -

will not be considered major risk areas. The mr
Department of Defense and the military services marily to the contract under consideration, i.e.,
have established focal points for monitoring related primarily to long-term considerations.

warranty contracting and implementation, which This distinction is important because the risk
should provide the management continuity and and uncertainty aspects are viewed differently J
'ontrol necessary to achieve this desired for the twocases. In the long-term case, the
result. contractor may consider the RIW portion of the

contract as an investment in that the knowledge, R
experience, and reputation gained will provide
future returns that are not otherwise obtainable.

In this long-term view, the potential outcomes
and prior probabilities are not as likely to be "

During the study, a number of approaches to dprop robabtie are nt us ieltoa b
quantifying warranty risk were developed: Risk developed; we therefore limit our initial
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II

quantitative investigation of RIW risks to a WARRANTY PROFIT VARIANCE AND DISTRIBUTrION
particular contract. However, the conclusions
drawn will incorporate longer-term aspects as
appropriate. For further simplification, we will assume that

the risks and uncertainties associated with the
fixed-cost (FC) and total-operate-hour (TOH)

WARRANTY COST AND PRICE MODELS factors are at a relatively minor level. The
fixed costs are usually fairly well known and
are usually small relative to the total cost.

We will quantify risk in terms of profit on the The TOll factor is, of course, important and is
RIW; for a short-term view, this is a natural subject to wide variations, but most current
risk variable. (The investigation of risks also RIW terms and conditions have adjustments or
addressed RIW/MTBP contract profits and total controls for undue variability.
contract profits These results are briefly
summarized in a subsequent part of this paper.) It -,. :-ke the further assumption chat failure
Severa monels for warranty cost and price have rate and repaiL cost are independently distrib-
been formulated [3](6), but for our analysis a uted, we can show that profit variance is
simplified vex-i, will be used. Such a model expressed by the following equatior.
for contractor warranty cost has the following
form: Cp2 (TON)1 (0 OYCr,+ (EX)706R+ IE(CR)I' ' 0) (3)

WC FC + A X TO x CR (1) where

where E = expected-value operator

02
WC = contractor warranty cost over the 

0P = RIW profit variance

warranty period O = variance in field failure rate
= contractor fixed costs associate,. vith 2

the warranty C R = variance in contractor warranty repair

TON = total operate hours of all warranted cost

equipment over the warranty period For illustrative purposes, we now ccnsider a
- avetvage hourly failure rate of all "typical" warranty procurement. One thousand
warranted equipment over the warranty units with four-year warranty coverage are to
period be purchased. Each unit operates 50 hours per

CR = average contractor cost to repair a month and has zn average MTBF over the warranty
unit returned for warranty service period of 500 hours t 100 hours and an average

Tho simplifications and assumptions inherent in repair cost of $250 ± $35. Assuming that the
ranges of MTBF and repair coat represent -i3

this model are quite extensive and should be ran e s of a noa disribtio3
noted: Costs include overhead factors but nota normal distribution,notd:Cotsinlue vehed acor bt ot we use Equation 3 to calculate a profit war|-
profit; all future costs have been discounted as we us Euto3 0o a arofitvai-ance of $1.03 x 10e , or a stanuard deviation
necessary. The failure rate, X~, is an average of $101,500. A profit/loss probability range
value that accounts for such factors as relia-
bility growth, varying population sizes over the
warranty period, and returns of good items. The
repair cost includes the processing of both good -E(
units and failed units plus any anticipated where
nvdlfications necessary to achieve acceptable e
reliability. EP expected profit

The warranty price model used is based on the. k w - standardizednormaldeviate associated
cost model and has the fol .Aing form: p

WP = (F B + x TON x~ CRB)FW (2) If the contractor bids at the mean values of
MTBF and repair costs and if fixed costs repre-

he esubscript denotes "bid" value for sent 20 percent of total repair costs (20 per-
where the cent of $1,200,000 - $240,000), the total bid
pricing. The factor FW is the loading applied c4st
to expected costs to yield the fee or profit.

--Therefore, FW will generally be greater than 1.0, _

and its value may very well be influenced by the "If A and CR are each normally distribut4,
contractor's view of his risks at the time of the product cannot be exactly n,.rmal. how-
Pricing, ever, from a variance viewpo-.:, the term

(TOI)I(ECR)203, will generally dotisi.- , so
that CR is relatively constant compared with
variation in X. If A is normally dintributed, _

the normality assumption for profit will be

adequate.
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of 1.13 (u10atively high to cover RIW risks), risk-averse corporate society), we are more
the warranty price is $1,627,000 -- a targeted interested in the case in which FW (1 -ROS) is
return on sales of 11.5 percent. greater than 1.0. For this case, a low-ris.

RIW would be a contract for equipment wjth low
.We can now apply Equation 4 to evaluate profit/ utilization (i.e., TOl), low repair co.t, high
loss ranges from a probabilistic viewpt)int. For MTB? level, and hiqh xvil.itvk. rix4d conts, nd
example, for a 95-percent probability level, the bid.with a high fee factor. Similarly. a hligh-
standardized normal deviate is about 2, so that risk procurement is one for which the Uittl iza-
the 95-percent profit range is $187,200 ± 2 tion and repair costs are high and the relative
($101,500) = -$15,800 to $390,200. In terms of fixed costs, MTBF level, and fee factor are low.
return on sales, this range converts to -1 per-
cent to 24 percent. If we extend the analysis
as shown (4), we can state that if the contrac- ROS/MTBF RISK RELATIONSHIPS
tor bases his warranty price on a 500-hour MTBF
and a targeted return on sales of 12.5 percent,
he will have 95 percent assurance of earning at We have developed three "generic" risk cases
least a 5 percent return on sales if the ex- based on the foregoing relationships; they are
pected MTSF ranges from 430 to 590 hours. The described in Table 2. These cases help in
equivalent range for a break-even situation is developing the risk relationship between the
'about 395 hours to 675 hours. MTBF ratio and return on sales.
In many respects, the example used is represen- I
tative of a number of military warranty procure-

ments. While the assumptions made or individual Hou*, . *numbers chosen might be questioned, we lo not Quan 1'Ys No" :, fN.

believe that it can be argued stv:ongly that Risk ocutrelt "t Warranty Colt- 141k- 5 of

order-of-magnitude errors are involved. The
example shows that RIW risk is not likely to be 50, soS 4 j 10..w Karl. 10j 10[s

a "bet your company" proposition, as some have 1*1- _1o0 so 4 0.W0 L :50 0.
claimed; however, it entails distinct risks not Ifigh Se 50 4 )0O.OwI 1, 4 140
encountered in non-RIW procurements. * h Se aged that the ordernq of the ten iantnrn shouad I'

reversed. e.q., a high-risk procer n .sh.uld hI A h* -1* i ft

ficttr. This Is certainly true, but w are -1.1 1v-op.nh
OD V generic cases. Perhaps oepetitive fctor" morc'- the co'trat-

RETURN ON SALES AND MTBF VARIATION #'r for the high-rilk isse-to use a 1.10 factor,. ccc i.0t.-
esA*osit becomes a hi;'r-ris case.

We now consider risks associated with warranty
pricing on the basis of return on sales (ROS)
versus MTBF variation, where However, we are concerned only with a segment

of the total risk picture; thus these generic
POS = Profit references do not necessarily apply universally.

RIW Price As a simple example, low utilization. is gener-
ally accompanied by low risk. However, if the

We let OR represent the average MTBF at which utilization is low and the procurement is small,
the warranty was bid and 6A represent the actual perhaps not enough items will te returned early
MTBF. It can be shown that the ratio of these enough in the program to detect correctable
MTBFs is related to-the warranty pricing failure patterns. Therefore, the contractor
variables by the formula may be forced to "live with" the low nrBF he

initially provides, for it might not be cost-____ (TOH)CR- effective to isrlement an ECP after the warrantyOr eW+ (1- ROS) [(ToH)(CRE+ eBFC] - pc (5) has been in force for some time. This situation
was actually encountered during an Air Force

From the contractor's-point of view, the lower gyro warranty program. _
the ratio of OAvtO OB for fixed ROS, the better.
Equation 5 shows that-the MTBF ratio-OA to OB To show the relationships quantitatively, Figure
increases as FW decreasesaor ROS increases, 1 plots the ratio of actual MTBF to bid MTBF for
which is equivalent to-stating that-the warranty three types of procurement tabulated in Table 2.
risk is proportional to target ROS and inversely Of course, for any ROS in the figure, the nigher
proportional to FW. For the-other terms, the the risk, the closer the actual PTBF must be to
picture is not as clear. For FW (- ROS) greater the bid value. For example, to break even or
than 1.0, the MTBF ratio (and therefore the risk) the warranty (ROS = 0%), the ratios of actual
increases with ROH and CR and it decreases with MTBF to bid MTBP are .91, .85, and .73 for the
eB and PC. The relationships are reverse!z when high-, medium-, and low-risk cases, respectively.
FW (- RS) is less than 1.0.

If the three illustrative cases can be used as
If we ascribe greater utility to not lasing a generic models for most RIW procurements, we can
large amount of money than to earning a larger conclude that for a profit to be realized on
than normal profit (a usual position for today's RIl, the average MTBF over che warranty period
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Figure 1. Relationship Between NTBF Ratio and RIW Return on Sales

should-be at least 73 percent of the bid value ROS - 0), actual MTHP must be about 85 percent
for a Jow-rdk procurement and at least 91 per- of the bid value for an RIW alone, but It must
cent of the bid value for a high-risk procure- be about 92 percent for the W/MTBF.
ment. For a .0-percent return on-sales, theP
percentages for the low-risk and high-risk cases We also examined risks from a total contract
become 87 percent and 101 percent, respecUively. viewpoint, where return on sales also includes
It is shown in Reference 4 how the contractor hardware profit, which is assumed to be fixed.
may relate the fee factor (FW) to the MTBF ratio As expected, the field MTBF requirements appear
tO provide further insight into warranty bidding must less severe from this viewpoint than they
risks. Figure 2 shows the relationship of FW to do when only RIW returnlon sales is considered.
fA/ 08 for ROS levels of -10 p" ant, 0 percent, For example, for the medium-risk procuroitent, !

and 10 percent for the mediw- isk procurement. with a 10 percent hardware profit, achievement
It is noted that FW decreases at a decreasing of a 7.5 percent total return on sales requires
rate as the MTBF ratio increases, a charac- a ratio of actual MTBF to bid MTBF of about
teristic of the reciprocal relationship between 0.73, as compared with a required ratio of 0.92
RIW profit and MT3F. for only the RIW return on salesw-

MTBF GUARANTEE AND TOTAL CONTRACT RISKS MTBF PREDICTABILITY

A number of other quantitative analyses were per- le ability to predict MTBF accuraLeiy has been
formed to include additional factors. When an the key issue in KIW risk. CODSIA, in a --ter
MTBF guarantee is included in the RIW contract, to the Air Force in 1976, stated:
the coptractor risks increase with respect to
MTOF variation. As an example, for one typical "Until the hardware is tested in an opera-
case examined, for a break-even result (warranty tional environment, with typical operational
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users, and in all planned vehicles/platforms, during the warranty period, and experience on a
etc., reliability (the basis for a good RIW number of programs shows that the incentive is
quote) is not 'reasonably pred-ttable'" . real 110).

We have shown in Figure 1 that for a medium-risk Three additional factors are worth noting:
procurement, the actual MTBF must be at least 85
of the bid HTBF for the contractor to realize a As pointed out in Reference 11, the govern-
positive return on sales from the RIW portion on ment's response to low field reliability has
the contract -- an accuracy requirement that historically been to overspecify in hopes of
appears on the surface to be well outside cur- achieving an improvement, which usually
rent prediction capabilities for a typical equip- causes a gap between predicted or demon-
ment program. However, for warranted equipment, strated MTBF and actual field TIF. if cur-
we do not subscribe to this conclusion but be- rent warranties are successful, this practice
lieve that bid MTBF values and demonstrated should diminish because contractors facing
MTBFs will be much closer to the field results a long-term warranty will no longer auto--

- .than has been possible in the past. iatically respond to unrealistic reliability
requirements and the government will no

The underlying reason for this belief is that longer have to resort to artificial devices
under a warranty a contractor must place great in an attempt to meet minimum goals.
emphasis on the operational reliability of his- It has been shown in a number of studies that "
deliverpd equipment. Reliability prediction, a significant percentage of military equip-
test, analysis, and demonstration activities will fiunesprentae-inducetormentfaursaeantnn-ndedo
no longer be performed simply because the govern- maintenance-ireated [91. Under warranty,
ment dictates them for government purposes. The units arc usually sealed and the ar, unt of
manufacturing process will be more closely con- military maintenance is limited. The result
trolled to provide the maximum reliability in-
h n te-n o x p t eis a much lower factor for military mainte-- ~~~herent in..the equipment. For example, there isnashndigwhcsoudpodeetr :

evidence that becaut, of a warranty commitment, cs- ~correlation between predictions and field '
contractors are increasing the number of inspec- coranet p i a e
tion stations, establishing higher part-screening
levels, dnd using longer burn-ins. While damage due to mishandling and aluise of

i warranted equipment may not differ from that-A Reference 5 provides theoretical support that for nonwarranted equipment, the failures that
contractors have opportunity and strong incen- result from such causes are generally ex-
tive to correct reliability problems identified cluded from warranty coverage. Most
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predictions and demonstrations do not account repair costs and fixed costs met pricing levels.
for such failures. From the contractor's There art- no dirta on profit earned; however,
risK viewpoint, however, the predictions will1 except for the one case in which field NTBF was
more closely reflect the field tTDF asso- lower than expected, there is no evidence thiat
ciated with hi-a no-charge repair commitmu.nt contractor profit margins on the warranty wore
than earlier predictions. unacceptablc. However, two of the remaining

Ithree programs are still in force; therefore,
To support these conclusions, it is noted that n;) firm conclusions are possible at this time.
for four equipmnents under warranty for which

I bid-and field-ATF~s are available, three had
field WB8I' higher than the bid values. These CONCLU)SIGNS AND RECOMENDAriolts

55four programs are summarized in Table 3. Data
Ifrom References. (8) 191 -~how that: in the past

only 20 of 1112 equipments, or 18 percent, had 'rhe bazsic conclusion drawn from the study is
MTBF ratios greater than 1.0. if 18 percent is rhat a military warranty can be structured to
taken ais a population value for previously dc- ,hdre rtb;- -,itably. Further, warranties
played *-qauirent, thete is less than. 2 percent provide iprop-t_ a;centives to rensonably assure

chance that nh fsir warranted equipments have that equipment reliability ebiectivc's will be
the same Nibc :t.i't ar. the 1<,puiation file. AChieIved t T8P is the key va. table in
that has sdtown unfavorable MTBF traLio, in the detet.-ining (.olitractor risk uinder waxz-vity.

- -past. tuarititarive risk models and early experience
Indicate thal; equipment 1MTBF under warranty
ctrn Le c6ntrolled to provide contractors a
reasonable profit expectation and that in-

eC For - rxeased ri,~k of Joss is balanced to sose extent
suartary.of Four ;ilit~ry Wlrran-..s by the greater opportunity for profit and (per-

- I I tui1.ent I haps more important) by long-term benefits.
co,,i.~c~2.A ydt8~iW AUS Thee benef its include product-line growth,

-Eetn 0 -1 commercial spin-offs, and follow-on award
cyro _______ Pump__ opportunities. Hlowever, there is no doubt

Coltractor L-,-r Lea Alb. C.1I n that if a contractor falls substantially short
Sreqil'r :Aig1er j of the-desired MTBF, considerable losses might

xiir7 Navy AUt FoQe Nav Air Foc be sustained, especially witi, an mTOF guarantee.

Contract 218/b7 1/22/69 4/2/73 '/i6/7 Ilie risk analysis approaches developed in thisT

Cepttv o tLC c1ueritive 0uI,~ Conj."Ut~ve r).itra~ctot' risk. Interviews-with a number of
A.10-CL turc Aginst Soul,..RI% contractors indicate that assessment moth-

cyro I ods used to date have been-mostly' subjective,

I I ~G Irisk.
Th- ecommendations encompass three areas: DoD

ll I t'l nlicy, high-risk areas, and further research.
WB to O e ntur- Dal) gutidelines or directives should

stres(1 that all warranties muist be idvd
H~bF),.,t 09a 055 1,. all', tailoredt to mitigate risks to both par-
-Upet-1 ies, (2) that M.'BP requirements must he real-
~ ~ IIStIc Jn terms of what is actually needed and

xchi wsie,(3) that equipment development pro-
3 srdms ;,Iould provide- adequate time and money

7 1 10 torreliability testing and analyses, and(4
-- se tex f-rAMP1fic~iol.thatan -f-PItE guarantee should not be used-where

conidr,%ien.,w or Improved technology is to

O orqthis small sample cannot he taken as With regard to high-risk cases, two courses of

final evidence that contractors under warranty ato r sgetd
can bccerately estimate field M111F, but thq re- Ivctaew.rnyplswihom frm f
sults are encouraging. One furthe. point must neiiaew~rny ln ihsm omo

be mde.U4 ll ourcasc th cotratorhascost sharing, possibly coupling this type of
be mde.Iiiallfou cae;;theconracor tasplan with a c4-4=itm-!nt that recognizes ralia-
initote nocosttO~ toLility ,rl from a na,. !eduction viewpoint

ccl fi-ed reliability pro~inr4. Obvt-usly. if
thohe chang. wrre expenur'e and if the .onliavc
privo d int Inelude a osiqn i m It -oiudy in vpeater detail the relationships)
atti..n. ae ree,i' of a nA~ntee 1MT~l .'ual r v. -rl lability predictions, reliability__
noDt it-. -,,.11i I -ro..Iate, Ihat ..Xpete-] prolltdtr,.- t.n eft n fle-d r-sults,
WIL; f..rn-ti, evenr Lt a11 otlst fawtorn liuch AZI
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L especially for warranty programs. Attempt to BIOGRAPHIES

develop improved assessment methods that can
be used to. estimate expected reliability

RK under warranty. Harold S. Balaban
ARINC Research Corporation
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ing risk, study of government risk aspects, and
development of an approach for providing posi- Mr. Balaban, a member of the Advanced Research
tive incentives that balance the additional risk and Development Group, has been actively en-
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These recommended actions, individually or reports and presented a number of professional
jointly, should assist in structuring warranty papers on this subject. With 20 years' epe-
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risks, ability, and systems effectiveness, he has
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subjects as models for redundancy evaluation,
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1 A NEW LOOK AT WARRANTIES IN DEFENSE CONTRACTS

Arturo G~ndara and Michael 0. Rich
The Rand Corporation Santa Monica, California

INTRODUCTION Consumer goods warranty experience does not
justify optimistic expectations for RIWs, at
least from the perspective of the military

In August 1974, various parts of the Office of services.
the Secretary of Defense (OSD) asked the three
military services to begin trial uses of the Commercial airline avionics, which usually
Reliability Improvement Warranty (RIW), a con- carry warranties, appear at first sight to be
tractual technique aimed at improving relia- generally more reliable than similar equipment
bility of weapons systems and reducing their useu iy the military. However, there are too
life-cycle costs [4). Under an RIW, a contrac- many differenceb in the commercial and mill-
tor assumes esponsibility on a fixed-price tary environments to credit the warranties
basis for repairla, or replacing (as he sees with being the major cause of co-ercial
fit) warranted units that fail during the war- products' better rellability. These differ-
ranted period. (A veriation combines the war- ences extend to definitions, operating and
ranry with a guarantee that obligates the con- support environments, missions requirements,
tractor to take wlhitever steps are necessary and procedures for data collection and reten-
to meet specific reliability levels.) tion. In fas-t, the effect of the warranties

is not well-understood by even the airlines;
Although commercial firms have abundant exper- they have developed no standard by which to
ience with product warranties, the Department measure the cost-benefit derived from the war-
of Defense (DoD) has had only three completed warranties [l:B-41.
warranty programs. Its current warranty activ-
ities are substantial, however. The Air Force,
which is the leading service in this regard, PAST DOD WARRANTY EXPERIENCE )
has 17 items, including nine F-16 components,
under a form of RIW. Depending on the number
of options eAercined, its expenditure for war- There have been three items purchased;;by the
ranty coverage could reach $65 million (and military services under RIW-like warrantiesthe value of the itens purchased under warranty for which the period of coverage has ended.
could reach $500 million). Unfortunately, data This section discusses those procurements.
on the outcomes of these programs will not. be
complete until the early 1980s. While awaiting
thc-.results, we have. explored the RIW conrcet The Navy's APN-154 Radar Transponder
by evaluating Lotrierciml analogs, past DoD
warranty experience, and-the current tri-warrantycexprienca nd tThe APN-154 is an airborne X-band radar trans-
service R1114 trial.1

ponder--a "beacon"--that extends the range of
surface radar, allowing identification of
specially equipped airborne targets. First

COMMERCIAL WARRANTY EXPERIENCE produced in 1965 by United Telecontrol, it has

been used on a variety of fixed-wing and
rotary-wing aircraft. In 1973, a warrantyOSD's decision to promote RIWs was based in went into effect on 218 units. Data collected

part on a high regard for commercial warranty under test conditions at the close of the war-experience. This study examined warranties in ranty period indicated that the mean time
two-commercial settings: consumer products between failures (MTEF) had increased almost
and airline avionics. four-fold from the pre-warranty level to 2025

hours, a seemingly striking succes4 for the
Consumer product warranties have usually been warranty application.
either promotional or-protective--i.e., they
have either been marketing tools or devices to There is no evidence, however, to link the
limit liability (21(5). They have rarely im- warranty and the reliability improvement. in
proved product quality. Consumer product war- fact, other factors norv readily explain theranties have worked so poorly that the Congress Improvement. For example, before the war
recently empowered the Federal Trade Commission ranty, and independent of it, United Tele-to monitor most aspects of warranty practices. control undertook at its own initiative a

corpany-fuded study to devel..' longer-lived
This paper Is based on the authors' report, replacements for the local oscillator 'nd

ReliabiZity Ir;jn,-e,'nt Warr ties for Military magnetron assemblies. These two thermionic
r'ocnr.na.;t. Th. R.,nd Corporation, R-2264-AI, assemblies, produced before solid-state de-
Dec her 1971. Views expressed in this pappr vices of sufticient reliability were afford- _

are not ner,.',nurlly shared by Rand or its able, were the major causes of earlier fall-
research pon-uor,. tire. The study produced a suitable solid-
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state replacement for the local oscillator generalizing from these results. First, te3

design, requiring only minor power supply mad- activities that. probably led directly to the

ification. Although the search for n solid reliability improvement could have been promot-
state magnetron assembly was not successful, ed without the warranty. In this Instance.
the contractor discovered that the magnetron's Lear Siegler conducted a continuous test pro-

life could be extended by redesigning the gram. using laboratory units, which accounted

existing cathode structure. United Telecontrol for 50,000 hours of testing and provided data
submitted an unsolicited proposal to the Navy for corrective design change decisions.
to substitute the solid-state oscillator and Second, whether the warranty approach saved the
modify the magnetron. When the changes were Navy money is also uncertain. A study prepared
negotiated as an engineering change proposal for the Naval Air Systems Command found that M

I_ to the existing production contract, provisions after a two-month contract extension designed
for warranty coverage were added. to compensate for underutilization during the

basic warranty period, the wartanty costs were
In addition, several other changes were identi- less than the probable costs of support without
fied before the warranty entered the picture, a warranty [L:31-32, App. A]. Independent re-
Many of the earlier equipment failures were calculations by Rand revealed the ditferential
environmentally related. For example, in one to be much less than the Navy's calculation: in
case, the transponder was mounted adjacent to fact, after the period extension the warranty
the jet exhaust tail cone. During normal costs very slightly exceeded the predicted
flight and ground operation, the equipment tem- costs of the non-warranty alturnative 13:481.
perature was maintained well within its limit, This difference is probably offset by the sav-
but in extended jet engine ground operation, as ings from reduced spares requirements made
might occur during engine test or a prolonged possible by the higher HTBF levels of the war-
taxi situation, the equfpment temperature would ranted units (about 23 percent fewer spares in
rise more than 30"C above the maxinum limit, the case of the 2171 gyro warranty pepulation),
causing equipment failure. Design changes in whatever the cause, and by the greater
the hear sink and new-component part selections operational readiness rates themselves.
provided satisfactory-operation at the higher
temperature and contributed to an unspecified
increase in ,TBF. The Air Force's F-ll1 Gyroscope

To the extent that the reliability Improvement The F--ll gyroscope was originally designed in
is traeable to such-pre-owranty redesign and the early 1960s by General Electric specifical-''i {externally generated component technology ad- lyfor-s in the F-11. he first- 534 unit.,

vances, the warranty appears simply to have produced by General Electric experienced disap-

ome along in time to receive the credit. pointingly low reliability, which prompted the

Air Force to call for a new procurement in a
competitive environment. The new contract, won

The N s1by Lear Siegler in January 1969. contained a
warranty provision. The MTRF of the warraA0td4

The 2171 gyroscope (the contractor's nomencla- gyros peaked at 1214 operating ott.xs. but later

ture) was initially-designed and produced by fell to 995 hours. The non-warranted gyros,
Lear Siegler'in the 1950s and was Introduced which had an MTBF of 681 hours in 196A.
into service with A-4 Skyhawks and F-4 Phantoms achieved an MTBF of 749 hours.
in the early 1960s. By 1967, there were about
3200 units, 'f various configurations, in the The differences in reliability levels c.nnot be-
inventory. Using the data and experience traced to the warranty. Lear Siegler incorpo-
gained during its maintenance of the gyro, Lear rated no major design changes during the war- i
Siegler proposed a warranty for 800 of the 3200 ranty period.2 Several factors, other than
fielded gyros. 4TBF was expected to improve 30 measurement imprecision, =ay have accounted fur
percent, but a third of the increase was expec- the difference. The warranted unit-- were pro-
ted to result merely from updating the 800 duced by a new manufacturer at a later date .and
units to the most reliable configuration then as a result of a cammetitv.* so.rce- selection:
in the field. The results were favorable: The these changes may them.selves have improved
MTHBF of the warranted gyros improved from 400 reliability. In addition, there was extensive
to 520 operating hours in three years (the MTBF additional failure mde testing conducted be-

of the non-warranted gyros improved to 442 fore the warranty period. As in the 2171 g~ro
hoVrs dpring the same period), program, this augmented test regimen could be

duplicated even without a warranty.
Althouigh some of the difference between the________
MTBFs of the warrinted and ron-warranted sub- 2 Lear Siegler did make one mInor char;

populations cannc-" be attributed to the warranty incorporation of a new bearing actuation to
(that part due to updating to the most reliable correct a directional gyro drift problem.
coafiguration), it would be unfair not to regard
the warranty as a contributing factor. Two
things must be considered, however, before
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hen the cosL im~plicaions of the F-111 gyro repair acivities to improve his ability
warranty program are consid.red, two circum- to formulate product improvements.

[ stances must be kept in mind:
-. 0 Because the prospect for reliabilityPh0n The initial plans called for the pur- groath is dimmaed by-proa quabitystanes mst b ket inmind o redcuethn anrospnecti liaility . I

chase of 601 warranted units. The reduction and underutilizations, RIsinitil contract was influenced by u- should not be-applied to programs sub-
backs in the F-Ill program and called ject to extreme quantity or utilization

for only 332 units. Additional revl- uncertainty.
sions reduced the number to 128.

U hen the warranty period ended, the FINAL OBSERVATIONS:
operating hours of the warranted units THE CURRENT TRIAL APPLICATION
were about half the expected amount.
The underutilization was due to recur-

rent froundings of the F-111 fleet and Several spe.-s of current trial applications
frequent delays in Inkrallations of the diminish the likelihood that they will yield
gyro-. The warranty period began when conclusive evidence on the 'ilue of RIs. Be-
the 'ros -ere delivered to the Air cause an RIW is a collection of c. qeN con-
Force; the F-Ill prime contractor, tractual terms, such an experiment caa. Identify
General Dynaics, often installed them preferred contractual constructions. This
six months later. opportunity may be lost if, as in the case of

the present set of contracts, important terms
The combination of these events had two imper- and penalties vary widely and not in accordance
tont results. First, ultimate cost per opera- with a conbcious plan for evaluation 13:11-28).
ting hour of the warranty coverage was very Two other facts make the variation of terns

F high. Later contracts have used special price disturbing: the absence of adequate "control"
adjustment pro isions to address this problem, groups and conditions and the continued consid-- A w)re roblesome resuit, one not addressed eraton of new appliations. The design of

by new contracrual clauses, is the deleterious the cxperimenc should be improved by at least
effect on -he contractor's-motivation te make three actions:
changes. The few units in the field and the
low rate at which they were used meant that a 0 Reduce the var.;a.ion in contraatual
representative failure distribution was not tz'ra and penalties. A first step is
achieved until the warranty period was 80 per- the careful development of hypotheses
cent complete. l.ear Siegler justifiably chose about desirable constructions so that
not to make any Investments In engineering im- variat: ns can be consciously and sys-
provement: Its remaining period of responsi- tematLically devised to-test them.
bility for the reliability of its gyros was
not very lonr, and the prospect for recoupment 0 DeveZop beter control conJ-i.ions. The
of its invertzent was reduced by the sall same difficulty in isolating the war-
number of units In the field. ranty as the cause of the reliability

improvement in the completed DoD pro-
grams is likely to plague the analysis

Lessons from the Programs of current programs.

o Bound the e= .rirent. Rather than be-

Although examination of completed DoD warranty ginning-new trial warrznty programs for
programs does not reveal conclusive evidence an indefinite period, the *xperiment,
that the warranty was a major factor in the which has a discernible birthdat-. :
observed improvement, it does permit the should have a finite number of trial
following observations: programs. This -ould perit better

assessment of Interim data and prompt

o Modification aft - some operational use final evaluation.

or appropriate operational testing Is
almost always desirable to take advan- The experiment is also hampered by deficiencies
tage 6f field experience and advances in In a number of associated methodologie. For
component state of the art and can be examp!2, both the contractor and the services "M
propoted without a warranty. have limited ability to-price warranty and

o Implied in the above statement is the non-warranty alternatives in confidence.

worth of sehedule flexibility to allow Methods for rellability ucasurement and pre-incorporation of test data in the subse- diction are similarly imprecise. Improvements

qaent developnent and production pro- in these- areas would enhane selection, mornt-
toring, and evaluation of warr.nty programs.

To th.- Axtent that modification is cnvi- Evaluation of the warranty concept will be
sloned or desired, the contractor should further comlicated by the multiple, indepen-
be involved in the initial overhaul and dent objectives that an RIJ can serve ai the

I294
-I ,



7 _- - - - , -:f

failure to establish priority among them. 15) Udell, J. G. and E. E. Anderson, "The

These objectives include: Product Warranty as an Element of Compet-

itive Strategy," Journal of Ifarketing,
0 Reliabi ity improvement. This objective Vol. 32, October 1968, pp. 1-8.

is attained if the contractor is motiva-
ted to change his behavior so that the
Item he produces is more reliable.

0 Life-cycle cost reduction (cost shift-
ing). This objective is attained if the
service "makes a good deal"--i.e., if
the price of the warranty coverage is
less than the price of alternative
logistics support arrangements and if
the warranty does not cause increases in
acquisition cost or support cost after
the warranty period (or during transi-
tion out of it).

0 rnsurance (risk shifting). This objec-
tive is attained if the service and the
contractor execute a binding indemnifi-
cation contract, enforceable In court.

Any one of these objectives can be attained

without either of the others. That is (dssum-
ing the ability to establish cause and effect),

a warranty might induce reliability improvement
but increase life-cycle cost; or it might re-
duce life-cycle cost but have no effect on
reliability; or it might fail either to reduce
life-cycle cost or improve reliability but
might be binding on the contractor to provide
interim producr support. The Department of
Defense must agree on the priority of these
objectives to create a framework for evaluating
RIW data and formulating RIW policy.
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USAF TEST OF RELIABILITY IMPROVEMENT WARRANTIES

David G. Newman, Directorate of Procurement Policy
Ileadquarters USAF

INTRODUCTION The objective of in, RIW is to motivate and pro-

vide an incentive to contractors to design and

produce equipment which will have a low fail-
Tile Ar Forc 1.4 dedicated to Improved military ure rate as well as low reair costs after
readiness a1d reduced Life Cycle Costs for Its failure due to feld/operatonal use.
weapon systems and equipment. Reliability Im-

provement Warrantv (RIW), under trial use in 1hile there is logistics support associated

DOD, promises to both improve equipment readl- with REW, it Is not used as a maintenance con-
ness and drive ;cwn Life Cycle Costs. RIW tract. Its thrust is directed toward reli-
establishes upplier responsibility for opera- , improvement in the form of increased

tio,,il or "field" reliability, and maintain- inherent r,- ',tlity for the hardware and reli-
abiliv of equipment. Its purpose is to moti- ability grovth alter the equipment is placed
vate contr,,'o

- 
to design and produce equip- into operation In the field.

ment with -• --ere rates and low repair

costs in eperLional use. I, uses the inherent Based upon field experience and discusstons
incentives of a fixed price vuntract to harness with contractor peop) ., we conclude that

the profit autive to bring about r~iability supplier concerns about field reliability have
growth and rodu ed repair costs during the long often been rhetorical. The traditional goal

term warranty period. under Government contrict has been Government

acceptant i.e., Government assumption of
The Air Force has made a major financial com- ownership of work tendered in performance of
mitment to tHe RIW teat. Tis paper provides ti contract. Thle act of acceptance transfers
an overview )f the Air Force RIW program from the risk to the Government. Unless reserved

a policy perspective. It includes a briv by a warranty or a certificate of conformance,

suirnary of each major application of RIW within the Government's right to reject after accep-
the Air Force. The paper highlights the exper- tence is limited exclusively to instances of

fence and hwssons learned about IW. it suima- latent defects, fraud, or gross mistakes
rizes the resolts achievtd with RIW and where amounting to fraud. Contractors have focused
increased emphasti is needed to bring the RIW on passing required qualification demonstra-
trial :o a successful conclusion. tions and production acceptance tests rather

than good fiald performance. In addition,

The views expressed herein are strictly those follow-on contracts for spares, strvice con-

of the authoi and do not necessarily represent tracts and replacement parts to provide

the views of the U.S. Air Force. necessary operational support afford an oppor-

tunity through reduced reliability to increase
AIR FORCE POLICY sales to DOD.

One of the acquisition techniques which has ECONOMIC CONSIDERATIONS

been developed under the Life Cycle Cost policy

umbrella is tie RIW. The need to buy RIW is intended to require- contractors to
"affordablu" -Ilirary systems has been recog- share some degree of financial responsiblity

nized and is being institutionalized in the for field performance of their equipment. In
Air Force. Tile Air Force is making a concerted this regard, Figure 1 depicts the inherent

effort to reduce tosts, both acquisition and incentives of a fixed price contract without
Operation and Support (O&S) costs. The Air RIW while Figure 2 shows the inherent incen-

For.-e is also intent on improving reliability tives of the same contract with an added RIW

to enhance military read' -ass. The focus of provision. Under a fixed price contract with-

RIW is on both improve -Aiability and reduced out RIW, a contractor, in theory, will maxi-

Life Cycle Cost with ?a, icular emphasis on mize his profits ,'elivering equipment with the

downstream O&S Costs. lowest reliability that the Government Vill

accept. The contractor has an inherent incen-
The Air Force defines RIW as a provision in a Live to take actions to reduce production

fixed-price acquisition contract in which for costs. Examples of cost reduction efforts in-
a fixed price, (I) the contractor is provided elude the elimination of certain in-process
with the monetary incentive to improve the pro- testing, speed up of the assembly pfocess, and

duction des ign and engineering of the equipment elimination of high reliability piece parts.
throughout the period of tle warranty to en- Unfortunately, these actions may degrade the
hance the field/operational reliability and reliability of the product. :ifferent incen-

maintainability of the system/equipment; and tives r.rc at work under RIW. The - ractor
(2) the contractor agrees to repair or replace takes on the obligation to repair or replace

(within a specified turnaround time) all -qulp- all items that fall during the extended period
ment that fail (subject to sptecified of thle warriknty at a fixed price established
exclusions if applicable) during the period of

the warranty.
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prior to commencement of the warranty perli. larget and most complex RIW aIppl It Ion IS
Since the contractor his both a contractual ob- foeqienonte-lIlphwghFghr

ligation to produce the equipment and a eon- covered by RIW. The F-Ib wn4rant Y omeuneti
tractual obligation to support the equipment li January i179 and will "vy,,, .. ,pmeatt
during operation, ideally, he will be motivated on 250 USAF fighters and 10.' hutopvan fightr,,
to increase reliability to reduce his overall for a period of h. vens ,, 300,00 flying
costs.' In addition, subjecting an emerging hours.
system to a "test-analyze-and-fix" (TAF)
process has proved to be a basic mechanism for The second largest Air Force application of

achieving reliability growth. The IW concept RIW is the ARN-118 TACAN, an alrborne radio,
embodies this TAF concept. used in navigation. This navigation set

will ultimately be installed in about 85% of

RIW may be used to obtain a guaranteed Mean- the Air Force fleet of combat and support air-
Time-Between-Failure (MTBF). This feature craft. The warranty commenced in April 1976
serves as both an additional incentive to and will end in March 1982. We have already
assure that a specified operational MTBF is seen sizable benefits from the ARN-I8 TACAN,

achieved and as protection or "insurance" i.e., drastically reduced support costs and
against short term Asset shortages. An MTBF outstaniing reliability growth.
guarantee puts "teeth" into the RIW provision.
Air Force applications which include the MTBF The initial Operational Test and Evaluation
guarantee(s) require the contractor to provide for the ARN-118 TACAN was completed In April
consignment spares in the event of a low MTBF 1976. The test program included more than 50
to prevent shortages of assets in the Air Force equipments divided among three bases and four

logistics system which result from the low aircraft, namely, the T-38, B-5Z, KC-135, and
MTBF. The MTBF guarantee feature also requires F-Ill. The achieved level varied fios 221
the contractor to perform engineering analysis hours MTF on the T-38 to 488 hour, MTBF on

of failed items and to make design changes the B-52/KC-135 with a composite reliability

required to achieve stated MTBF values. In of 324 hours. This inherent reliability of
the event that the low MTBF is not corrected at the hardware is attributed, in part, to the
the end of the warranty period, the consignment RIW/MTBF guarantee. However, it Is difficult
spares become Government property at no addi- to isolate and quantify that inherent rell-
tional cost to the Government. ability associated solely with the RIW/ iTBF

arrangement. It is likely that the field
An RIW may also include a guaranteed turnaround reliability of the 2ACAN would have been about
time (TAT). This feature provides an addition- 325 hours MTBF undet the usual DoD practice
al incentive to ensure prompt processing of of assuming all financial responsibility for

failed units, field performance after acceptance of the
hardware. Some tweity months after completion

It iS Important to note that the Air Force of IOT&E, the composite reliabillLy has ex-
approach In employing RIW and the MTBF guaran- ceeded 1900 hours, i.e., a reliability growth
tee, while resulting in a risk transfer from of almost 1600 hours of field reliability
the Air Force to its PIW contractor, is intend- improvement. Based upon discussions with
ed to motivate contractors to deliver equipment people actually involved in the management of
with a higher inherent reliability than would the ARN-118 TACAN program, it appears that
otherwise have been provided. In addition, this reliability growth is directly attributed
RIW provides a mechanism for achieving reli- to the RIW/MTBF guarantee.
ability growth. The interim results of apply-
ing RIW include both a contractor behavorial Under the ARN-118 TACAN, the real incentives
incentive and a ,'isk transfer. The end results and workable mechanisms to grow real (field)
are intended to be both enhanced readiness and reliability are being observed. For example,
reduced Life Cycle Costs through improved reli- the Contractor has established a failure re-
ability, currence control program for the TACAN which

includes the following elements:

STATUS OF AI. FORCE APPLICATION OF RIW Extended Burn-In for new equipment.

Burn-In returned equipment subsequent

The Air Force has made a-major commitment to to repair.
the RIW trial by applying 8IW to 9 programs
with a total RIW cost of about $65 million. it Special isolated part testing.
has been used on hardware costing about $500
million. These equipments covered by RIW are Special parts screening, i.e., visual,

Y installed in both combat and support aircraft electrical or mechanical.
deployed worldwide.

Corrective action at source of piece
Figure 3 lists both the "major" and "less than parts.
major" Air Force applications of RIW. The
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Selective use high reliability parts. systems in use in the Air Force.

Development of alternative sources of The other two major applications of PIW in-
pdrts where expedient. elude the C-141 Altitude and Reading Refer-

ence System, (a third source of navigational
Identification of end equipment shipped inputs on the C-141) and a C-130 OMEGA Naviga-
with qustionable parts and replace tional set which will be installed on the en-
questionable parts on an attrition tire C-130 fleet. The other 4 program using
basis. RIW are categorized as "less than major" since

the RIW price Is less than $l1.
Review of design and where appropriate
redesign circuits to remove critical A considerable amount of information is avail-
characteristics. able for one of the "less than major" appli-

cations, namely, the F-Ill Displacement Gyro.
It has been reported by contractor personnel Thi,; program involved a multi-year buy of 332
that PIW ba given them their first real op- gyros, howevr. only 128 units were actually
portunit;.,uder a military contractto deter- procured. The eo, ract did not contain MTBF
mine for rhvn lxv - the effect the total oper- or TAT guarantees. Results iv.'lude:
ating environmviit has on their product. Theyare new able to verify that field reliabi- The contractor made ten reliabili,-y and

lity growth can be made to occur, maintainability (RAM) design changes in the
Gyro prior to and during production. These

Under the TACAN RIW program, the contractor changes are directly attributable to the RIW
has identified the following lessons learned: provision. With those-R&M improvements, it is

believed that the PIW provided greater reli-
Address and follow through on Reliabi- ability than would have been obtained without
Itty Critical items will result in the RIW.
Improved field MTBFs.

The reliability decreased from approxi-
A compurerized failure-data system is mately 1200 hours MTBF to approximately 1000
vital to timely recogrition and correc- hours at the end of the warranty. No Reli-
tion of reliability problems. ability and Maintainability design improve-

ments were made after deliverv of the hardware.

A high degree of failure analysis cap- Reasons for the reduced reliability are unkn.,.
ability at the contractor's facilities Specified Turnaround Time of 45 days
is essential for reliability improve- was not met. The actual TAT for the warranty
ment. period averaged 90 days.

Close coordination among all disci-
pliues at the contractor's facilities LESSONS LEARNED
is required to resolve reliability
problems.

A considerable amount of experience and lessons
Self-imposed testing such as Burn-In iearned have been gained during the last
and Evaluation Sample Testing is need- three years about PIW Acquisition. Additional
ed to promote field reliability-growth, experience and lessons learned are now being

gained on RIW Administration. We expect to
Another major Air Force applization of PIW :s obtain significant tent data from both major
the Carousel'iV Inertial Navigation System and "less than major" applications of PIW. It
(INS). The program contemplates installation Is Important to note, however, that our

of a dual INS set on the C-141 fleet, a single warranty performance experience is limited. A
set on the XC-135 and a t' Ple installation on great deal of this information will become 3
the C-5 fleet. The need -r a new 11S evolved available during the next three-years. How- t.
erm an International Livil Aviation Organiza- ever, we have gain-d enough experience to-know

tion requirement that all aircraft fly-Ing in that PIW and its application impacts far
the North Atlantic corridor be equipped-with greater than originally expected.
navigation equipment of accepted accuracy to
meet reduced air lanes. The INS being-pro- Application of an RIW on a contract inherently
cured, the Carousel IV, has been widely used implies that a tremendous amount of research, t
in the commreial 747 aircraft aid is covered coordination, and soul searching has been done
by a ..ozercinl warranty similar to PIW. The by both the contractor amd the government. The
contractor guaranteed an- excellent reliability contractor must understand what the government
of 1!'8 hours, Mean-TIme-Between-FaIlure, at a wants and be able to confide..yl- assess the
warranty roa whiIh equates to about $1.41 per risks itvoived to respond with RIW pr -osals.
sysewm opuruc Ing ho,,"r. This support cost coin- The government must first define what iL wants
pares very f nvrihly i, upproxiwircly $10 p.r the RIII it) nehleve, i.e., higher reliability
flying hour Ir o(ne~r Ineruial navigation ind/or hr life cycle cost. Once this is
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done, impacts on the overall maintenance con- nieetded to support ]W hrv" bort n h w. ii roilng
cept, manpower, data systems, and administra- or, in some cases, t(laycI, 11'1 is not totion of the contract must be determined. Un- say that some progrev.s hds not been made.

fortunately, this is the area where we are
discovering that we have major difficulties in Field failure notificetlon to the cntrractor

implementation, is being written int our RI P programs to in-
sure prompt :elease of a servi, eible replace-

Implementation of an RIW automatically estab- ment back to the field. Thiq --,. doe to) hold
lishes the logistic concept (levels of main- doun the number of spares in th pipeiline and
tenance, spares stockage, etc.)at least during thus reduce costs. Originally, ,anxial prepar-
the period chat Lite RIW is in effect, i.e., ation of the message by base personnel was
organizational (remove and replace) and depot the method employed to satisfy the rlquirement.
(contractor). Most RIW applications today However, we quickly learned that normal base
state the Air Force desire to switch to an or- level communications capabilities were not
ganic (in-house) maintenance capability at the responsive enough (administrative) nor cam-
termination of the RIW period. This concept pletely reliable (human) to meet the provisions
requires early planning and coordination to of the contract. Therefore, modifir.tion of
insure that the manpower, support equipment, the Air Force Standard Base Supply System is
spare parts, training, and technical data is being done to automatically noti'-y the RIW
available to make this change. As we bring in contractor when a failure is verified by the
the functionil staffs that manage these areas, Air Force maintenance shop. This nntiflcaLion
more and more questions surface, indicating will advise the contractor which L.RU failed,
that RIP is not as easy to apply and admin- its serial nuber, the Air Foree base which
Ister as originally thought. Presumably, we experienced the failure, and tie shipping doc-
have always done all the necessary advanced umenL number covering the reparable item beirg
planning and coordination required in all our returned. In addition, .he USAF hep.trablA
past acquisition programs. The RIW has just Item Moveinent Control System (irectIv routes
highlighted the fact that maybe there are more the item to the contractor's designated repair
interested players or more players who should facility with the appropriate "mark for" infor-
be interested and brought in early in the mation. Applicable technical orders have been
conceptual stage of the acquisition process to issued specifically outlinIng the level of
assure a smooth, cost efiective, reliable in- maintenance authorized and the steps to be
troductiot of a new system into our operation- followed in verifying the equipment failure.
al inventory.

-'( ,In another area, we are atremprnp, to establish
'The most challenging phase of our RIW exper- an independent data base, using -xivt lag Air
ience is t lhe administration. The magnitude Force data systems, in order to pr, vide a
of this task was underestlmated when RIW was parallel means of ,erifyir gnar ,tt -
being ilv,-louud in the Air Force in the 1973- visions and evaluating the RIV o in itself.
1975 per!ed of time. RIW demands a management The success of this effort will .i,,rd it ihow
organizatin. data, and an educated population well we can overcome the prev!.-..I; led
of Air Force personnel who are involved in the difficulties as well as the qotia! I %f data we
daily ptc-ce.sing of warranted components. receive. In all probability,. w, %.il he able

to evaluate the concept and the ts' us

We have lhai.,d of ihe importance of an gained from RIW. Using the data bas., ti 7erifv
effective wnrranty reporting system. RIW re- key data cited in the contratot et:l*',lnLy re-
quires a Iot ,,f data on the part of both the ports may prove to be more ehi.,.
contractor tid cte USAF if" it is to be effec.-
tively ti.,tigt.d and evaluated. The data re- The most encompassing, and periur. t 

t
- mostSqirement., ,,.omet even more complex because frustrating lesson we have le.,l-W. al.,ut RIW

each RIW -- gram is unique, calling for slight- is that in order to make it rjr,. Airt'r'c
ly differ4 nt approaches. Component serial personnel involved -in all le, (" it manage-
number .nt rt, extefnsive use of Flasped Time ment must be made aware of what '41. t.. what
Indicators (Ei), rem'ove and install dates and part they play in it, and how th, It actions or
test datt f indins seen to be the basic common decisions impact on others invot 

.,d ,n tile
denominator to measure the performance and program.
'guarantee renmLtments. We are conditioned to A

the fact that we must pay the contractor for A generic problem Is delayed iast!ation
data. HIywever, there is a growing cadre of of warranted units. These delav: ate of g-eat
influential people within the Air Force who are concern to the Air Force. Althtsph -here is
conceit that we have already overburdened our some protection to the Government ,nmhev the
technicians with data collection requirements, Operating Hours Adjustment provI!i,ni , the In-
to rihe point where elimination of data Is now herent incentives of the RIW are er,,led by
a major novement. R.W, and its requirements, warranted units which are idle. fitere may be
is running head on into this movement with the another cost Impact when old len . liable
ultimate posihiility that we may not be able to units with high satnort cost arc being operated

properly .lulpport or evaluate it. Changes to and maintained whi ,. the new highy reliable
existing da.ta systems and procedural directives equipmeiti remain not installed.
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FINAL CO.VIENTS

FIGURE 2
We have learned that administration of a
special warranty for equipments installed on aI great variety of aircraft deployed world-wide
is a challenging task. There is a need for COST TO PRODUCE AND SUPPORT WITH RIW
special management emlphasis, a great amount ofI data, and eduvation of all levels of Air Force MINIMUM
people who are involved in processing of A\CCEPTABL.E TOTAL

wrranted etjutpm. nt and data. There Is a need RELIABILITY CONTRACTO/R'*
for special tecluques to detect potential RTW I COST -- >4T O ROUC

p'roblems. Tn thl, regard, the Air Force has - POI ARAl-OTT RDC
estabplishe-d an Inidependent automated data base, -":FXE RC

using existing Air Farce Supply and Maintenance qo.. CONTRACT
data systems. as a Lool to use in administeringI
thle warianties. The Air Force has learned the
value of a u.- ,, 'Justment provision in the SUPPOP! COST
contract for IC L: - contractor and the r'ov-
ermetI. Witho~ut buch a provision, a contrac-
tor- may be penalized by d wartime-surge or reap 0 18 2 e 3 8 48
an unearned windfall from reduced flying pro- RELIABILITY (MEAN TIME BETWEEN FAILURES)
grams. The KTEW Guarantee is a powerful incen-
tive which Imposos additional risk on the con-
tractor and e'n.picates both the structuring
of the contract Ind administration -of the
warranty. However, --ignificant benefits have FIGURE 3
resulted from Its u-3e. Proper administration
of the warranty is of utmrost importance, other-
wise, the promised benefits may be lost.
Favorable- results from RIW are being observed. AMf FORCE APPLICATIONS OF RIW
The dataifrom these demonstrations should be
carefully studied before RIW is Incorporated -

as a- 'businenIw as usual" acquisition technique. PROGRAM APPLICAION CATICURY CUARANTI

Durilag CY 197?5, the Air Force will focus on ARN.I11 IACN MIJBUTAT'
tile long term range planning needed to bring C 4IeDINI
the trial of R104 to a successful conclusion. CIA 04C NAV AT ITA

F-16 AIRCRAFT COMPORO4T I
FLIGHT CCNMtOL COMPUTER TAT

ViGUlE1 ADAR ARWSA T ATF1GREIRADAR tOW MI~AR III TAT
RADAR OICITAL SIGN4AL M*OCtSSM 'Tt
RADAR C05i'VIER .TAT

IJCARS UP DISPLAY * 10
RAO R IRVISSITIM RI

IIt[ l C0ICS II AnTIAT,iiCOST TO PRODUCGE WITHOUT RIW 4V- CI ISEDTNIAO
C-130 HYCRAIIC ?TXAP , it NONE
KIL1RaO ELECTRON- TUBES 11IIOI

MINIMUM hOIt, CARACORY 1. MAIN ~f ACC[PrAML III IISTIM 1"AO
RELIAB ILII Y

f -COST 1O PROP'

I ,eIXED PRICE
r;7~C CONTRACT

PROFIT AREA

o 18 28e 39 49
* - RELIABILITY (MT8F)
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PROFIT OR IIABILTTYg CO4TIlACT IN'eNT VS. CONT;NT

RICHARD M. JACOBS, ]'.H. AtI'IUl' 11. Vt4DKJ., I.R.

I CONSULTA11T SERVICES INSTITITE, INC.

LIVINGSTON, NRA JERSEY

Key 'ords: Liability, Contracts, Failure Definition, Data Collection, Data Retention,

Contract Law, Packaging.

Purpose-Abstract

This paper presents a relatively complex negotiation, proposal, preliminary design,
legal-reliability-liability case history. prototype analysin and engineering models.
Two approximately equal parties signed a con- There was also inadequate preparation of fa-
tract for the delivery of merchandise. In- cilities and personnel to handle, maintain or
stead of continuing the relationship of a service the production quantities involved,
satisfied customer and profitable manufactur-
er, they became adversaries in a protacted Background
legal proceeding which culminated in an out-
ef-court settlement reached just prior to The relationship between these organizations,
trial. The agreement required'the payment of divisions of much larger organi:nations, was
a large portion of the total remuneration originally one of partners! Perhaps this re-
anticipated five years earlier when the con- lationship was one of the underlying diffi-
tract was signed. culties in the situation. What apparently

occurred was that following what had been a
The content of this paper includes the con- long and profitable relationship both divi-
tractual language used by the parties at bar. siona were left with too large an operation
It also shows the product flow and relation- and insufficient business. In casting about
ship between supplier, manufacturer, customer, to find a suitable activity, the officers of
sales distribution organization, ultimate cue- Division A, Company A, saw a device in the
toner, repair and maintenance operations. laboratory of Division Z, Company Z. This
The sequence of document exchange containing was immediately recognized by A's officers as
relevant information affecting the parties is a product with enormous potential. It could
discussed showing how it also contributed to be sold at a reasonable price. Ithad a poten-
the difficulty. The misconceptions and mis- tially wide market. The service and installa-
interpretations made by both parties to the tion operatione would fit into the activities
litigation are explored. Both organizations of Division B, Company A. If Company Z would
involved in this action are competently sake it, Company A would sell and service it.
staffed by highly qualified reliability and It was in Company A 's collective market-mind-
quality assurance engineers. Numerous in- edness that the product was the best thing
house counsel and engineering-legal talent since sliced bread was developed. It was, of
were employed in both organizations, course, necessary to enter into a contractual

agreement, draw up specifications, start man-
Marketing organizations compounded the prob- ufacture and delivery to the ultimate custom-
lem by the overzealous puffing of product er. Any device as big a drawing card as this
utility to contractual parties and to subse- thousand-dollar device was bound to draw com-
quent users. Product performance was over- petition, and they had to be prepared.
sold, but thip hid relatively little bearing
on the basic outcome of the litigation be- Difficulties abounded. No one at either Cor-
tween the two contractual parties. These two pany A or Z had had very much experience with
organizations were approximately of equal this product or with this type of device. Al-
stature, both being well-known, nationally though a model existed, there were no detailed
recognized manufacturers of military and con- specifications or drawings. The actual reli-
mercial product. ability of the product was unknown. The mean-

.1 time-between-failure (KrTF) could only be de-
We prep"d this paprr to establish an aware- termined when some of the design details be-
ness of the pitfalls that can be encountered came firs. The produce performance functions
during all phases of the contrect/product were stabilized after a few hundred units were
ccle. Some errors occurred in each of the in operation.
'ollowings

Reprinted with permission of the Inatitute Company A originally wanted an 8000-hour HTBF.

of Electrical and Electronics EnginersInc. This requirement was based on:

c 1978. Originally published in'the Pro-ceedings 1978 Anmnal Rleliability and Main- a. Obtaining a reasonable profit .tainability S*posium. b. Approxiately 40 hours a week of us.
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c. Once every four years a service call would test equipment.
be required. (The less service required,
the happier the customer.) Inimization of dust problems.

d. Farly de) ivery and ease of installation.
Built-in endurance features to withstand

Company A felt 5.t was in excellent position to operator abuse, misuse and mishandling
market the device successfully in many areas of equipment.
of the country. The volume was estimated to
approach 100,000 units. A minimum of operator-accessible controls

The specifications were drawn, and there and adjustments.
seened to be general agreement of what should 4. Warranty A-raement
be accomplished. Unfortunately neither divi-

A sion was sufficiently familiar with the prod- This ajeesent called for repair and/or
uct, its use, and the demands likely to be en- replacement of all devices at Company Z's
countered. It was a "new" field to both ad- option upon receipt at Company Z. Company
versa-c'., and as usual planning for the un- Z would, pay the cost of stip-ent for the
known pro'.ed reacherous. devices that were foun , to, bc "out-of-

The nutually-established specifications in- specification" on arrival at Comra'y Z.
cludedt The Reliability requirements had been the
1ubasis of considexable discussion before the
1. Reliability Requirements inclusion of the quoted 2000-hour %*,TBF item in

The following shall be minimum require- the contract. The original desire on the part
ments for the reliability of the device: of Company A's engineers had been 8000 hours.
:ean Life................5 years The manufacturing company had consistently

HTBFP ......... . . . 2,000 hours in discussions denied the ability of this prod-
*?HTB? shall be established by reliability uct to exhibit an 8000-hour MTBF. The final
analysis made by contractor and submitted commitment was a 2000-hour MTBF. Company Zcomtmn wat -ou CoTpan Copn Zo prvl
to Company A for approval, grudgingly gave in to this figure, although

feeling it was still too high. It should
Company A shall have the option to test have been reduced further while the prcduct
these units for conformance to these was still under deveiopment. Nonetheless,
reliability figures. Lack of conformance Company A felt it had to have a product with a

t constitutes reason for rejection. longer MTBF.

2. Quality Ob.ective After the contract was signed and manufacturing
j All components chosen shall be reviewed for had started, the reliability analysis was sub-

quality and reliability by contractor. mitted on schedule. There was still no agree-
ment bqtween-A and Z as to whether the relia-

All r' vposed suppliers shall be investi- bility was adequate. It was contractually
( gated by contractorto establish the agreed that Company Z would establish a relia-

quality and reliability of past perform- bility test plan to be approved by Company A.
ance. Company A would establish the measured KTBF.

If the units passed the test, Company Z would
Contractors Quality Assurance Department accept the test results as" r'rof that the
shall audit manufacturing and machine specified 1TBF had been equalled or exceeded.
assembly operations to insure workmanship
meets the standards for commercial prod- However, before the reliability tests were
ucts. agread upon, Company: A began pressuring Z to

A a e tdeliver salable product built up to the initia-
Contractor's Quali" Assurance Dprment tion point of manufacture and delivery.
shall audit all inspection and testing
procedures to insure deliverable eq'uip- Whenever pr'.duction precedes the testing for
ment meets specifications as set forth conformance, problems arise (as Murphy's Law
elsewhere within this document. Infers). There were a considerable number of

units received by Company A that were inmedi-
Contractor's Quality Assurance Department ately returned to Z an "not working". Addil-
Phall roview all field-returned devices tional nnits wert returned to Z which. it was
prier to release :Vvo arAlyal and rea . loged, had not been operable or natisfactory
All failure analyue and repair actions when Installation was attempted.
shall be monitored for failure trans.d
Areas which are repeated offenders shall Some units were removed after dayn or weeks of
receive corrective action, operation and returned to Z. In each case de-

fects were claimed. )
MIaintenance Objective This traffic in units made A even nore anxious
Bi'llt-in self-checking features to minimize to obtain units. They insisted that major
or eliminate Lhe need for special field I
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em.hasis be on Increasing the delivery rate Table
rather than holding all shipments until cor-
rections were made. The sales pressures kept Termination Data for Plans A and
btlilding up for approximately nine months.

Critical
Visits of executives and engineers to expe- (P) rritlcal \.T Total-Ter.t-Time
dite. correat, improve and rectify were be- # of Failures (hours) . u

coIping routine. The concept appetrs to have
been fostered tht a test to determine the re- 2 or less --- ,015
liability of the product was a luxur that 3 2695 16,635nexther A nor Z could afford at the moment. 4 2460 9.8W
Thus the Reliability Test Plan was momentarily 5 2315 I1 .575
ignored.• 6 2215 13 290

? 2140 14, 950
After approximutely 15CO units had been do- a 2035 16,630

"ivered, the available stock at Company A be- 9 2040 18360
gan to grow. Troubles were continuous and 9 200 1.0

believed to be insurmountable. At this Junc-
ture, Company A issued a Stop Work Order
while continuing to request that Z rebuild and Table I
repair "nonconforming" returned product. 

Six

months later the contract was cancelled and Number of Failures to be Subtracted for Plan C
Company A sued Company Z for losses and prof-
its which should have materialized had the Total-Test--Time No. of Failures
product been more suitable. (hours) to be Subtracted

The primnary claim in this suit was that corn- Less than 12,000 1
mercial success had failed to materialize be- 12,000 to 26,000 inclusive 2
cause of the failure of Company Z to deliver More than 26,000 3
a product with adequate reliability. The
allegtions included an 11TBF of less than 400
hours. The plan was unusual and %as rejected by Co.-

pany A on the basis that "the test plan was
During r so devised that the jioduct would eventually
a relfablity test plan had been submitted by
Z which read essentially as followst

The test had three criteria for termination. This was interpreted by many that regardless

They are listed as Plans A. B, C. Sample- of the true MTF of the product, the plan
MTBF refers to the "otal-Test-Time" dlivided would eventually reach an Accept decision.
by the "number of failures during that time". Although discussions between Reliability per-

sonnel had taken place and many letters had

Plan A: There are five decision points (at been written to modify the plan,no formal con-
12, 16, 20, 24, 28 weeks). At each tractual modification took place. This may
decision point, the sample-TF in have been due to the strained relationships

compared to Table I, If the .sample- which were now prevalent.

tTBF is greater than the tabulated
value, testing terminates and the There were many imponderables. Correspondence
test is passedt otherwise, testing from those associated with the project at
continues. both corporations indicated from initial

field data estimates that the ETBF was 500 to

Plan Rs If the test is not passed in Plan A, 1500 hou-s. Naturally the higher figures

discard the operating time and fail- ca=me from Company Z. The litigation specifi-
ures accumulated during the first 12 cally raised these differences and were the

weeks (viz., before the first deci- pause of the suit according to lompany A.

sion .point). Calculate 'a new sample- Company Z initially agreed that this was tho
E.TF. If it is greater than the tab- cause of the dispute. Later, during trial
ulated value, the testing terminates preparation, Company Z decided that poor
and the test i-passd: -otherwise, marketing knd intense technical competition
the test data are re-evaluatel, were the causes of the decline in orders.

Plan Cs Use the total operating time and Discussion
Sffailures from Plan A.'. Subtract the

number of fiures in Table II from At some point in every situation in which it
the act.al failures and calculate a appears that court action'is imminent, both
new sazsple-?W. If it Is greater parties usually seek assistance. They obtainLi than 2000 hours, the test is pasuedi needed answers to questions that appeir aca-
otherwise, the test is failed. 3
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[ demic, but, as this paper will demonstrate, was returned. The data log showed whether
are not. Among the questions that arose in or not the unit was operating within specifi-
the instant litigation were: cations when returned, and if repaired, wheth-

er it was repaired to update the unit or to
1. What was the t. ie field experience of the correct a nonconformity.

product?
Criteria Associated with !:TBF

2. What did the contract 
and specification

really say? In making the-apalysis of ;ean-Tire-Between-
Failures, a number of criteria were adopted

. oby these writers during trial preparation.
preted? The contract and specification did n6t identi-

fy when or whethta or not the devize was to
4. N4hat was the operating characteristic of be counted as a failure. "Failure" was not

"Lhs proposed and rejected reliability defined. The adoVted (for analytical pi r-
test plan? poses) criteria were:

If an agreenent is riade to deliver devices 1. A device received at Company A and re-
with an MTBF of 2000 hours and the field turned to Company Z (vendor) without
experience is 200 to 300 hours, it is obvious service time of one day or more was not
that the pradtct is grossly inadequate. If considered to be a failure. It did not
the field experience is 1500 hours to 1800 contribute any time to the total service
hours in the early life of the product, then time as it was not installed.
one could expect the reliability r~owth to
provide some improvement which cwbined with 2. A device with service time at one site
a few changes would provide for a reliability and subsequently removed and sent toIn later life of well in excess of 2000 hours. another site was considered to have con-

tributed to the total service hours but
Neither vendor nor venlee (Conpany Z or Cor- not to the number of failures (no evidence
pany A respectively) had made an objective of failure).
analysis of the actual operating data. Since
the data had not been analyzed, the defendant 3. A device which was returned from service
was uncertain about the results presumably at a site and which was returned to Com-
because the analysis might just prove the pany Z and 6und to be in conformitf to
plaintiff's allegations. The defense position specifications contribu ted to the tctal
would then be untenable. When the need for service hours but not to the number of
such an analysis was presented, the defense failures as it was still operating satis-
was justifiably reluctant. Trial counsel factorily.,
finally prevailed upon defendant Company Z to
allow a mriple of the data to be taken for 4. Devices which were in service and subse-
analysis. quently returned to Company Z where they

were found to require repair to satisfy
HKBF Analysis specifications were counted as field

failures. Their time in service was added
The data was obtained from two sources. One to the total service hours.

source was Company A's card record of each
unit. A card existed for each serial-numbered These criteria are in conformity with the
unit delivered. The data on the car3cd showed general practice of computing the Mean-Time-
when the unit wan received, its condition, its Between-Failures as the quotient of the total
disposition depending on arrival condition, equipment operating hours divided by the
each date it was shipped hether to a site or number of failures occurring during the period.
to Company Z, each date nd location of in- Failures before operation are not counted.
sta. ation and all movemunts of the device.
Some devices were returned to Company A im- It had been established by Company A that
mediately. ;any' stayed in service for various service time would be based on 40 hours per
periods of time. Some were removed and re- wee! of use. There were, we are certain,
placed, others removed, sh.pped and installed instances where the device was powered twenty-
at other sites and some removed and returned four ho'rs a day. Data supports this conten-
to Company Z. Still others had been removed tion. Becase of the large number of devices fI

from service and returned to stock, of Company (1500) involved, Company Z reluctantly agreed
A. In each case data was reasonably complete, to use the 40-hour week. The customer (Con-
and only one to two percent of the cards had rany A, Division A) miLintaine that the de-
to be discarded duo to poor records. vices were actually exercised and but a

few minutes a day- even though power was "01"
The data of the vendor, Compvvy 7, was alsn for longer periods. No meters or counters
quite complete. Tt showed when each serial- were installed on'any devices in actual use.
numbered unit wA:. first nhipped and when it Nonethelesew the final agreement wan that the
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service life calculations would he based on a Wuring the litigation there was much discus.-[ 'sage rate of 40 housrs/week. Gion conoerning the merits of specifyine a
vTBF with or without a confidence level. If

the first data analv~ed connirnted of Company rno confidence level cr test procedure with anIfZ 's history of 20 devices. The I*TF ca1cu1a- acce-ptnnec criteria Is given, there Is asei
f tel fron the :;inpie prove'- t~o be a-pproximately ous6 q'eestion as to whether a specification

10') hctars. Thisa was an extremely low value. actually exists. As In this case, the vendor
The %'nalysts were not satisfied that the data may wi~'. to provide a test plan that behaves

.eval id. The suspicion proved valuable as like the well-known operation characteristics
it was ther learned that the selection of the of V"il-STD-1051). If the true IUTD' -P000
devtcss had been rade by Conpany Z on a n1on- hours, the test plan should accept the product
rai'&dor selection of the worst (most frequently with a probabiity of' approximately 0.95.

returs-i)'levces.The purchaser may, as In this case, hold for
sing~ a rando n nb*er table, tienty addition- the concert that the test plan shotld acp
a! devices were selected from the remaining the protuct readily If the true '*Mi rrosKiv
1410' 'lovice ropulat*on. exceeded 2000 hours. Under these ozil~s

the probability of acceptance would equal C-I
Adopting thi satre criteria, this .roup of If the true FTBF - 2000 hourt;. If the true
tw -nty had an EBF of more than 37000 hot*',. VTBF - 1000 hours, then the probability of
Thi.- high~y significant lack of agreenent be- acceptanice ay: exceed 0.q.
twepn the two samples was found to have been
caused by the nonrardcm process used for the Based cn this philosophy Company A was argu-
st-lection of the first group. '.rm-any Z ing that even if the .1'BF of a sample proved
thought that the analysts wonld find the :most to be 2000 hours, this was unacce-rtablp.
Interesting data to analyze would be among
the history records of the devices. most fre- Company A's Reliability 'rual Incluided -lefl-
quently returned to the factory. The fre- tions which were In essential agreemcot with
'inency o~f return of this first group of twenty the philosophy advanced by Company Z; yet In
exceeciel1 the averare by more than three times, spite of these documents. Conpany A was will-

Ing to permit a court to decide the technical
?he data from :ompiny A's card reco-rd which merits of the question. The results sight
showe'I 'ate of installation and "removal" have been Interesting to the technical co.u-
showed sujbstAntially lower "ini-oueration" nity.
periols. The analysts combined these data
(rompany A and Z's records) to conduct the At the niegotiating state, a reliahility test

blneof thp Investigation. plan that would have satisfied both parties
could have been devised. Powever, followine

Based on these data, the estimate of the FBF this stage, cooperation is not anticipated.
(based on the forty-device sample) was found Fach pArty then Insists on the most advantage-
to exceed 200C, hours. This result so encour- ous interpretation fc. Its organination.
aged Company Z that It authorizedi the analysis
of a totally random, unbiased sample of 60 Another phase of the contract that appeared to

devices fron the total popilation, T'he re- have been neglected was the definition of con-
sults exceeded 2000 hours F.TBF. The differ- formance. i~hat could readily have been re-
ence between the defense and plaintiff 's ap- quired Is that on any sequence of shipments of
proach was expected to be submitted to a jury Il-devices, not more thar. "n" r,%y be noncon-
for resolt:tion of future problems. forming to the extent that it need be returned

to maniifacturer for repair. An It was, both
Reliability Test ?lan manufacturer and purchaser relied on a 100-V

sorting procedure to eliminate nonconforming
Another defense investigation was similtane- product. This practice seldom works. It did
ously underway. The reliability test plan not work in this Instance.
that had been proposed by Company Z. Indicated
that the operating characteristic was seamen- It Is difficult to decide exactly why the com-
tially that shown in Figure 1. If the KTDF panics were unable to a.gree on a reliability
was 2000 hours, the probability of acceptance test plan. Various opinions were offered:
was IVT; If 1000 hours, .

a. The rejection of the Company Z prepared
The operating characteristics changed slightly test plan was actually the result of try-
if the rate of accumulating operating time ing to modify an earlier agreement.
chang-ed, It was not grossly different over
the rates of 600 to 1400 total machine operat- b. The recipient and/or the writers of the
Ing hours per week. The greatest changes test plan did not really have a true
seemed to occur If the YTBF was well below the knowledge of the operating characteristics
specified value, of the plan nor how It would be adminis-

tered. The reprenentative of the pur-
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chaser rejected the plan believing that Shipoing and Packaging and Related Darages
the plan would accept all product even if
the devices were poorer than the desired The product produced by Company Z and sold to
?001-hour ..TJF. Company A had to be shipped from Company Z to

'nnpany A. Data nhowed a ninimum of visible
c. The plan was unusual. it was therefore and -vsical damage to the uni.t due to ship-

nore politic to reject It than accept it. pini,. Tn,.:e was no physical evidence to dem-
,oa.any Z's Division "Reliability engineer" onstrate that 'he device suffered internal
was unwlling to ask assistance from cor- dpmage. There is, however, data that .%hows
porate personnel. alnost , of the devices were not "per spec'-

There was no real understanding what a fication" or. receipt at a user's facilityld. TPhr ws no really meant in terms of while less than 5, were so designated o, re-
device perforn'nnce. A numbers game was In ceipt at Compary ". Company A ased the devic-

over.tion. as a --,or element in a syctem. This coipo-
nent as a part of the system was leased to
user organizations. installations and service

These #xnerencez and comments show the errors were provided by Company A field offices who
involved in specifvirg a reliability figure haile the entire systen.
(VT3A) with neither a confidence limit nor a
require-ent of a de.'onstration procedure. The device went from Company Z via truck,
Criteria for accepting or rejecting the prUd- plane and another truck to Company A. .opa.yuct based oi the results of tests is also A checked for damage. Then, after temporary

necessary, storage in a warehouse, Company A sent It 1ia
another seq-;cnce .,f trick, olane, trick to (a%
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its -e'id office fron which it was transferred records showed Internal nhippinct damage had
via .ruck or zar to ujser facility, or (b) di- contributed to "out-of-specification" arrivals.

rect'y to user facility. When a unit was This question will probably never be answered
tra..:-ferred, it was handled in the same man- since the litigation has been terminated.
ner. 7hen it was returned to Company A, it
retraced the route. To further compound the problem, the users

were nontechnical. Every time an unexpected

The carton was designed per specification for deviation appeared, the service department was
delivery purposes, the shipment erom Company called. Their instructions were clear and
Z to A. A large number of devices returned concise--remove and replace--satisfy the cs-

for servic'- nnder the warranty were in orlgi- tomer, when the device was under warranty.
nal cartons. The carton designed for one Since the warranty provisions were not en-

mqe :elce' of shintent (truck, plane, truck) forced by Company Z, it meant that each device

was actually being used for at least four ae- was handled as if it had still been under
qw'ences. There are no data and no ways of warranty.
determining the deterioration rate per sub-
sequent shipment in used cartons. All of Company A's field service offices were

not equipped with test facilities. AS a re-

It would have been more appropriate to con- sult, all units that were "suspected" to be

sider the entire sequence of handling from out of specifications were b.nt to Company A's
manufacturer tu user in the design of the headquarters. !.any removals were due to Ir-

packa-c rather than the assumed one-shipment regularities of power sources, operator errors
philosophy employed. Where a package is ex- and/or interface equipment. These devices
pected to be used for multiple shipments and/ were subsequently returned to Company Z for
or roeni trips, the package should provide ap- repair.
?ropriate strength and instructions (if any)
that are to be observed for viable repeated As noted above, some shifting between renting

use. users was done to satisfy peak demands and
other contractual problems between Conpany A

Zurchaser's,.troduct Assesnment and its customers.

During the time the litigation process was In assessing ITBF, Company A ccunted ever~f re-

progressing, data were being analyzed and the moval of a device for whatever cause as an
test plan evaluated. Company A (the purchaser) "unscheduled" removal. This was interpreted
had its engineers carefully review the device, as a "failure". This accounted for the dis-
';e were advised that, after making minor re- parity between the alleged 400 hours MTBF and
visions, the tested devices were consistently the over 2000 hours MTBF calculated from the
exceeding the 2000-hour 1'jTBF requirement a- combined data sources using only failures
dopted by the analysts. As part of the court- that were confirmed when the device was
approved settlement, Company A obtained the tested by the manufacturer (Company Z).
excess inventory left in Company Z's posses-
sion when the stop work order was invoked. A detailed agreement is needed before the

Therefore, it maty be assumed that the allega- questions arise. The agreement should con-
tions of design non-compliance were not as tain answers to the followingi
critical as originally stipulated,

1, What is a "failure"?
Failures - What are They and Who is

Responsible 2. When is it to be counted?

The question, when does a failure occur, was 3. When failure occurs, are secondary fail-

an important element in this litigation. The ures the responsibility of the manufactur-
device must satisfy specificationsl when it er?
doesn't, it is a failure. However, given the
routing and handling sequence of this device 4. How does a customer complaint become a
and the established contractual language, the failure? How is it to be confirmed?
defendant (Company Z) believed that the device
had ,o arrive at its customer's facility in an 5. Are all removals failures?
operable ("within specification") condition.
They had control over that phase of the deliv- 6. Should service personnel confirm device
ery sequence. Company Z did not have control failures?
over unpac|hing, testing, opening the device,
adjusting, closing, repacking, shipping, un- 7. When warrnty provisions apply, should
packing or installing the device after these purchaser of device be allowed, without

many "handlings". penalty, to open the devicel or does
opening void his warranty?

A real question arises as to what Company Z '
true responsibility was when Company A's Had nost or all of these questions been de-
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fined in the contract or in referenced docu- 8. Define what a failure is, when and where
ments, this litigation would probably have it becomes a failure, how it is to be

been avoided. counted or excluded from calculations of
either criteria.

Conclusions
9. Define or describe shipping requirements

The lessons that can be learned from this for the device and the shipping container.

financial debacle have nndoubtedly been ex-
pensively learned by others in a similar 10. Reach agreement on how data will be re-
fashion. Some of the lessons are: tained and its availability (excha.i e-ability) for analysis purposes,

1. Corporate procedures are designed to keep
the company, its divisions and its per- Ignoring all or most of these warnings may
scnnel out of difficulty. They are usual- result in claims against the manufacturer. A
ly wise rules, developed when pressures -3000,000 lawsuit is an expensive way to
are abt- it -,,0 with a view toward avoid- find out that corporate procedures and poli-
ing, and rpeAting past errors, ',ost of cies were reasonably good aftei ail.
these corporate practices, devoted to the
develop ent of product and process, de- Although there has been no total accounting of
scribe in minute detail what steps are to the amount spent in this litigation, the
be taken in order to avoid problems. They authors estimate that each spent considerably
are neither foolproof nor easy to follow, more than $500,000 to prepare their portion of
Nonetheless, ignoring these rules is an the case. The detail contained herein is
invitation to serious problems. By-pass- taken from an actual case history which ended
i . c the riles In almost certain to lead to in an out-of-court settlement where the de-
a catastrophe. fendant (Company Z) paid the plaintiff in

cash and inventory a figure greater than

2. All contractual agreements must be worked $1,250,000.

out before entering into a deal. Avoid
the simplistic trust phraset "Company 1 For obvious reasons, no references or ack-

shall submit to Conpany 2 to provide a nowledgements are shown which would Identify
satisfactory plan for completion of a the pa-ties at bar.
phase with "n" days after signing . . .,"
unless penalties, stop work and contract Biographies
cancellation can be invoked by eithe buy-er or seller. Richard M. Jacobs, P.E.

Consultant Services Institute, Inc.

3. Satisfactory Drototype(s) capable of dem- 23 Rumson Road
onstratinS operational characteristics and Livingston, New Jersey 07039 USA
reliability should be available, tested
and approved Prior to a production go- Fr. Jacobs actively serves industry as con-
aheai, sultant in Reliability, Quality Control and

Product Liability Prevention methods since

4. A r-'uirement for conformance to a speci- 1968. He is also an Adjunct Associate Pro-
fication Is incomplete unless accompanied fessor of Industrial Engineering at New Jersey
by a mutually agreeable or standard method Institute of Technology, Newark, New Jersey.
of measuring the characteristic. hen the He was previously employed by Westinghouse
product has satisfactorily completed the Electric Corporation, Radio Corporation of
Standard Method of Measuring Performance, America and Sylvania Electric Corporation. He
the result shall be -coepted as proof of is a graduate of Syracuse University where he
conformity. Tolere e limits are the rule earned a B.S. (19I9) and an M.S. (1952) in
for physical measurements, while conf i- Industrial Engineering.
dence limits and test plans are needed for

involving time and decisions. He is editor and author of a text being pre-
pared, "Minimizing Product Liability--A Sys-

5. Accelerating production or delivery ached- ters Approach"; Past Vice President and cur-
ules are incompatible with the insistence rent Secretary of the Reliability Group of the
on an improvement in workmanship and of Institute of Electrical and Electronics Engin-

the quality and/or reliability of the de- eern! International Secretary--Reliability
vice. Committee (TC 56) of the Intermtional Elec-

trotechnical Commission. aivi Vice Chairman offt. 'P)i# ai.,v~trlmto o(.r A 1wo ohaintoriatie thn X-h0 Technical Aspects of Product Liabili-
IFT8F neither I:olndles nor repla.e a .|e- ty of the American Society for Tvent I: .ateri-

Iftcati on for other charatcterlsties of On. A mrmber of the American Society of
Safety Engineers an the American Society ofquality. Mechanical Engineers, he organized and chAired

7. Dafine the criteria for acceptance. the first eight Product Liability Prevention

7. Win th cr i fr a



Conferences. lie is an ASQC Fellow and is an
ASQC Certified (Qual' ty and Reliability Engineer.
A Certified Safety Professional, he holds Pro-
fessional Engineering Licenses from California
and Vlew Jersey.

!r. Jacobs received the Annual Electronics
Division (ASQC) Award for service and contri-
bution to the fields of Reliability and Qualit
Control and the Division in January 1972. He

has presented over 200 papers and conducted
seminars throughout the world at industrial,
education. governmental and society functions.

August B. Eundel, P.E.
Consultant Services Institute, Inc.
23 Rumson Road
Livingston, New Jersey 0?039 USA

Fr. Eundel is a consultant specializing in
quality control, reliability, liability liti-
gation and management systems serving govern-
ment and industry. FL holds a B.S.EE. fromii Cooper Union institute of Technology, an M.S.
in Engineering from the University of Michigan.
He is a registered Professional Engineer in
New York State and the State of New Jersey.

Prior to this, Kr. 'undel wan Vice President
of Sonotone Corporation with responsibility for

the introduction of many products and proce-
dures which contributed to organizational sue-
cess and growth. Some of these are described
in the nore than 40 papers iblished on Samp-
ling Procedures, Varrow Limit Gaging, Relia-
bility, Quality Control, Vendor-Vendee Rela-
tions, Hearing Aids, Electro-Acoustic Transdu-
cers, Batteries for Aircraft and Satellites,
'roduct Liability Prevention and Recall.

He is a frequent lecturer at industrial, educa-
tional and scientific society meetings, a
Fellow of the American Society for Quality Con-
trol (past Vice President and member of the
Board of Directors), a senior member of the

Institute of Electrical ad Electronics Engi-
neers (IEEE) and is certified as a quality
Engineer and a Reliability Engineer by the
American Society for quality Control.

He currently serves as Chairman of the American
National Standards Institute Z-1 Comittee on
Quality Assurance, Consultant to the American
Society for Quality Control Standards Commit-
tee (past Chairman) and the United States
Representative to the International Organiza-
tion for Standardization, Technical Committee
on Application of Statistinvj lethods
(ISO/TC 69) and a member of the Product Liabi-
ity Prevention (PLP) Conference Management
Committee.
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PROCEDURE FOR ASSESSMENT OF SCIENTIFIC SOURCES (PASS)

Mervin P. Shreve, Code AIR-215C
Naval Air Systems Command, Washington, D.C. 20361

INTRODUCTION petitive procurement on a fully defined pro-
gram.

NAVAIR's materials research and exploratory b. Con.tultation with outside experts could
development program consists of approximately not be extended to all sources due to time and
$5 million annual expenditures. This program manpower constraint and such consultation was
is done approximately 50 in Navy labora- a signal to those consulted that an "unsolic-
tories and 50% with universities, industrial ited" proposal might be well received.
laboratories, and private research cganiza-
tions. The characteristic size of each c. There was no nssurance that the ultimate
contract with industry is between $50,000 and source was the highest technically competent
$100,000 and is normally for a one (1) year source.
period. Thus there are about fifty (SO)
contracts each year, approximately 1/4 of d. NAVAIP needed a procedure where, (1) all
which are new starts and the remaining 3/4 interested sources could be informed regarding
consisting of extensions of on-going work. planned Il)terial R&D Programs", (2) interest-

ed sources could respond with technical detail
thereby assisting NAVAIR engineers in fully

HISTORY defining the technical program, and (3)
assurance could be gained that the uost
technically competent source was identified.

In the early 1960's a review of the Materials
R&D Program contracting practice was made. andthe following facts were obsersed: PASS SYSTEM

a. A very large percentage of the contract!

were based upon "unsolicited" proposals from The PASS system was developed to meet the
a limited number of offerors. needs set forth above and is set forth as

follows:
b. Known sources were quite limited in
number, i.e., only those with which contract a. Cognizant technical personnel will prepare
monitors were familiar. a memorandum for AIR-02El. This memoranrdun

will set forth (1) the objective of the
c. When a diligent attempt was made to material R&D program to be accomplished,
include all of the identifiable potential (2) the estimated level of effort required,
sources, their number was large, i.e., over, (3) a list of the information required to be
20. This meant that when over twenty (20) included in the response, (4) how the
complete proposals (cost and technical) were response will be used by NAVAIR, and (5) the
received in response to an individual solici- time when response is due in NAVAIR.
tation, the combined cost to the offerors for
preparation of responses were equal to or b. AIR-02E1 will prepare, using the afore-
greater than the value of the one resultant mentioned memorandum, a synopsis for publica-
contract. It was recognized that these costs tion in the Soutces Sought section of the
must, in some manner, be passed to the Govern- Department of Comerce "Commerce Business
ment. Daily" (CBD).

c. Cognizant technical personnel, upon
STUDIES AND DISCUSSIONS receipt of the responses to the CBE, will per-

form an analysis to determine which response
to send with a Procurement Request (PR) to

Study and discussion of ways to improve the the contract group. The analysis will
contracting practice made against a background address (1) the techncial merit of the select-
of DOD, ASN(R$D) and ASPR policies, guidance, ed approach, (2) the experience of the select-
and instructions led to the following con- ed source, (3) the qualifications of the
clusions: personnel who would perform the work, and (4)

the areas of original thinking and unique
a. In general, the NAVAIR engineers were ideas presented by the selected source which
unable, without consultation with outside cannot be divulged to other sources. If the
scientific experts, to write a set of optimun selected source is not the only source found
requirements for specific material RV to be fully qualified thechnically or presents
contracts in detail adequate to permit com- no unique ideas that are the product of
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original thinking then this system shall not DIR.CTIONALLY SOLIDIFIFI) SJPrRALLOYS (NON
be pursued. UffECTIC)

d. Contract Specialist upon receipt of a PR The Naval Air Systems Command is planninZ the

with a selected COD response will (1) use the procurement of one and a quarter man-yeari
CBD response as a base for negotiation and of effort in a scientific study of non-
request, as required, any additional informa- eutectic superalloys suitable for directional
tion required for contracting with that solidification processing into high tempera-
source, (2) prepare Request for Synopsis ture aircraft gas turbne blading. Interest
Hemorandum to AIR-02F1 setting forth under is in inyestigating compositions which have
additional information, the following state- the potential for highest possible material
ment: "The Naval Air Systems Command intends temperatures consistent with acceptable
to negotiate a contract with the above firm. balance of characteristics desirable in
This firm submitted, in response to an Advance t'urbino blading, such as oxidation-
Sources Sought Synopsis in the Commerce sulfidation resistance, ductility, interme-
Businesc Daily a technical response containing ,1iati temperature properties, and fabric-
unique ideas w,'ich were the product of orig- abilty. Interested sources are invited to
inal thinking and which cannot be divulged to submit the following information in concise
other sources or was the only response found form: (1) The proposed approach to a~com-
to be fully qualified technically," and (3) plish the task And the scientific rationale
negotiate and finalize a contract with the on hich the approach is based in detail;
selected source. (2) The identity of the scientific personnel

who would conduct the investigations and the
e. AIR-02EI will prepare, using the Request qualifications they and their organization
for Synopsis Memorandum, a synopsis for have for undertaking this work; and (3) An
publication in COD. estimate of the cost of a one and a quarter

man-year effort. Responses will be evaluated
to determine which response (1) contains the

LIMITATIONS 70 PASS SYSTElI highest techn ical merit, (2) evaluates to be
the highest technically competent source, and
(3) evaluates to be the most desirable

The PASS System shall not be used if: response to pursue, technical, cost and other
factors considered. The Naval Air Systens

a. the "Material R6D Program" can be Command will not divulge your respon,,j with
specified, by NAVAIR without outside input, in anyone outide of the Government. Since
detail sufficient for establishing a com- responses will contain unique ideas and will

I petitive solicitation with optimu: established be the prodi:ct of original thinking, only the
requirements and criteria for source selection source selected for contracting with will be
can be established; contacted as a result of this request. The

information shall be furniseed to the
b. other than scientific manpower directed Commander, Naval Air Systems Command, Depart-
toward a material R&!D objective is to be pro- vient of tbr Navy, Washington, rl. C. 20361,

I cured; Attn: AIR.. , within four weeks of the
publication of this notice. Naval Air

c. the resultant contract exceeds $100K. Systems CornPad Synopsis No.

I

RESULTS

a. Interested source are informed.

b. Expensive technical and cost proposals
from all interested sources not requirtA.

c. Highest technical competent source
selected.

d. Neotiations and contracting limited 11o
one source.

Resenrch R -.l Ievelop)ment SourNi't Sought
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CONTRACTING UNDER GRANTS: THE NEED TO DEINE. THE FEDERAL ROLE

Robert D. Newton

L * THE ISSUE complaint procedure under which it will advise
on protests on contracting under federal
grants.

I
) This has happened because of the

The issue of contracting under federal grants lack of procurement experience and case law in

needs attention. Policy decisions affecting the states. In providing advice, GAO draws on

this issue are made without adequate public federal experience in procurement. With th..t

discussion of their implications. The issue comes the application of the principles of fed-

involves operational and legal questions. It eral procurement law. To that extent, the GAO

also involves political and theoretical ques- protest procedure, like federal executive agen-

tions of the proper federal and non-federal cy involvAment, predisposes us in the direction
roles and responsibilities in our federal sys- of makin; the federal pr-.curement systema
tem. The basic questions which need exploring national system.

are those of accountability an4 responsibility.
This paper will explore some aspects of the

basic questions in the hope of clarifying the W1.AT SHOULD THE FEDERAL ROLE BE?

federal role in contracting under grants.

There is more at issue here than procurement

FEDIRAL PROCUREHENT-RELATED INVOLVEMENT activities under grants. Federal involvement
in grantee third party elationships will af-
fect the prime relationships between the fed-

Procurement-related involvement by federal eral agencies and grantees. The type of fed-

agencies is occurring in grant programs. The eral involvement that is occurring should i=-

Department of Transportation and the Environ- prove the managemenz of some activities and

mental Protection Agency are substantially projects. But unless the federal role is

involved in grant transactions, having signifi- clearly understood, defined, and circumscribed,

cant contracting under them. A good case can the result is likely to be more federal in-

be made that large dollar-amount, one-time volvement, not only in the types of projects

procurements for complex items or systems un- and activities in which it is desirable, but

der grants require federal involvemeL-" or fed- also in other types of assistance projects and

eral control. This involvement or ecwitrol is activities, the conduct or management of which

Justified in the name of accountability for have traditionally been the responsibility of

the expenditure of federal funds. recipients. The latter can happen becauso, the
complex and novel projects or activities in
which federal intervention may be desirable

FEDERAL SYSTEKS INVOLVEMENT will not be systematically distinguished from
other types of assistance projects or activi-

ties in which it may not be desirable. By

The promulgation of procurement standards in affecting all grantee procurement, federal
Attachment "0" to OMB Circulare A-102 and procurement-related involvement has implica-

A-l10, and the development by an interagency tions for ll grant-type assistance relation-

task group, under the auspices of the Office ships.

of Federal Procurement Policy in OMB, of a
detailed procurement standard relying on con- The issue involves the need to define the fed-

cepts and distinctions drawn from the federal eral role with respect to federal procurement-
procurement system are outcomes of federal cn- related involvement and the use of federal ero-

cern for adequate procurement and project curement standards. We have described the cur-

management under grants. Such standards, by rent situation. The question that needs an-

virtue of zstablishing a procurement system's swer is what should the ft4tral role be with

requirement in the grants areas, will encour- respect to contracting ut,er grants? To an-

age, if not requ.re, all federal agencies to he swer this question it is ne,:ossary to consider

more involved in grantees' pzxjects and the broader question of the federal role in

activities. Moreover, because tu. propc-d grant programs. Unless the latter question is

procurement standard is for a systet e dealt ith, no realistic answer to the former

explicitly on concepts from the federal ise, ia :.sible.

it will encourage further federal involvement
In the establishment aud use af recipientprocremet syt em .THE PROLIFERATION OF
procurement systems. FEDERAL GRANT REQUIREMENTS

AO INVOLVEMENT The proliferation of federal grant programs has

been accompanied by a proliferation of federal

Along with the development of procurement t requivmento. It is these requiresi.,cs

standards and inctased federL agency involve- or "strings" which most exasperate grantees.

sent procurements under grants, the General There are several reasons for the proliferation

Accounting Otfice has established a protest or of grait requirements. The proliferation of

*National Science Foundation. The views expressed herein are those of the author and not
necessarily those of the National Science Foundation.
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,tovel or comptex federal programs has of it- helped it to flourish in the pant,(
2 )

umelf required the development of new standards
whit.-h tond to draw the federal agencies into
vew interactions with grantees. The complexity Recipients of federal grant awards tend to fel
ot projeCs has required fed,%ral participation, helpless, victims of an avalanche or require-

ConntruCti.on, domontration, applied research, monte they can do little to hol.d back.

dud ovv.lopment often call for federal oper-
,aLloi al. involvement during performance. In
diddttLoi, congreestonal generation of new pub- INVOLVEMENT OR INTERVENTION?
i.c policy provisLonn, which are now generally
apieid to grants as well as contracts, require

,ednril involeinn to implement then. Final- , golf cant reason why involvement i. in-
ly, there to another rason more difficult to r .asingly perceived as intervention is that

handlo, for the proiLteratiara of requirements: t.. newer requirement. Involve the establish-

the .:,pha:ig on ,1,;coUTItAbility fcr the uxpen- ment of varol',m kinds of systems or programs
dirtire if federal fundu. tm Implement thes. Establishing an uffirmativ,

..'ion program is more compliCated than foll M

ing.wage rates established by Davito-U,,con Act.

FROM A FEDERAL PERSPECTIVE: Because systems requirements are faerd! re-

ACCOUVTABILITYf quirements, federal officials are the experts
on the howe and whys of complia 'ce. Recipient

bureaucracies are built to match federal bu-

Fr"- the perspective of the federal bureaucrat, reaucracies. The supposed simple procurement

the proliferation of requirements is plausible. tLandard in Attachment "0" of OMB Circulars.
Congremn create. a program. Rules &re estab- A 102 and A-110 and the proposed detailed

lished_-to implement it. A problem occurs in -.aboration of it are good examples of incip-

Itn implementation. Something must be done ctit "systems intervention." To take a simple

about it. A clause is prepared elaborating re- illustration, the basic standard requires com-

quirements and providing for federal review or ptition. But the concept of competition in

approval. Federal involvement is thereby in- the federal procurement experience is complex.

creaned. It is increased to insure that the It requires the elaboration of detailed excop-

bureaucrats, of which the author is one have tions for permitting "competitive negotiation."

met their reaponsibilitied for the expenditure It also involves the notion of the "competitive

* of federal fundn. Inasmuch as the personnel range," which has required a serien of GAO de-

in the federal agencies are criticized by Con- cisiona to interpret and define. If a federal

gress or GAO when something goes awry, do bu- ly imposed standard is mandatory, and if GAO

reatcrats have-,any choice but to attach the holds that requirements once Impohed must be

: ,ntringm necessary to insure accountability? enforcedi )grant recipients wilt procure in a
fashion different from that Implied by the fed.
eat system only at their perill

4)

FROM A RECIPIENT PERSPECTIVE:
INTERVENTION Twenty-five years ago some institutions of

higher e" ,cation were concerned that accepting
federal grants for research would eventually

The roverse aide of the coin of accountability, lead to federal control of higher education.

from a recipient perspective, is "interven- This argument was used in opposing,(e creation

tion." State and local recipients of federal of the National Science Foundation." Since

grants have for some while deplored federal that time it has generally been felt that the 0-
intervention . But it is not they alone. In original concerns were unwarrented. Federal 0
recent report to the members of the Board of i&upport and grantee control are compatible.

Overseers, the President I Harvard University If, so, why are the same types of concerns being

repeatedly used the tert- 'intervention" to de- expresed with incren8 frequency now? ._
scribe hin perception of the federal role in what was feared ,eRinning to happen? And hap-

the relationships of the university with fed-- pening with the best of intentions as a result fl
oral agencies. He notes that: if pressures on the federal agencien for ac- __

countability for the expenditure of "federal

the rising tide of government intervention funds." Federal "involvement" in grantee eye-

* has begun to provoke serious concern from tema may be becoming federal "intervention."

many colleges and universities • . . In a few

short years, universities have ben encum-
bared with a formidable body of regula- THE GRANTIlAS BE COME A
tions, som'of which seem unnecessary and LES5 MFANLNGI'. ALTr ',A",TIVlE
most of which cause confusion, administra- CD
tive expense, and red tape. If this proes
c:ont'.nuc, higher education will almost Our federal systm is a division of responsi-
ccrti-nly lose nome of the in,(.pendence, bilities mng federal and nn-federal enti-
the )Ixability, and the diveusty that have ties. In establiehing and implemetitinR pro-
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c'irement and assistance relationships we make recipient disbursements.
role and responsibility decisions. When we
elect to use grants ether than contracts, we The seond part of the argument, that because
are in theory making choices which have feder- the fed..ral agencies are accountable for the
altsm implications and whil-h in the aggregate expendi ',re of! public funds in assistance pro-
should be very signiizcant. In practice they grams, they ;ut actively assure that those
tend not to be very significant because in funds are spent effectively, begs the question
federal/non-federal relationships the term of what federal responsibility should be.
"grant" has lost much of its original meaning. That argument is made without effective rebut-
Grants are nov used for purposes different tal because no ;lear, viable operational al-
from those for which they ,ere originally ternative to fv."aral involvement is being
used. instead -f clarifyl.g respective feder- artic-tlated.
al/non-Zederal roles, the use of grants often
c nfuses them. .A Sant has become a less
meaningful alte-native. It has, thus, become I'EDE.L ROLES MUST BE
easier to proliferate federal requ'.rements and A.TERNATIVELY PMFINED
encourage federal intervention in the name of

accountability. Role decisions are made ad
hoc and unsysLemat±-.lly. The -hilosophy of federal procurrent is

clear. It reeta on ultimate federal control
To be true to our federal system we should be of the accE,-Lability of a product or result.
asking: "How do we decide who should be The philosophy of federal grants is less
doing what and why?" The individual federal clear. It rests on recipienc responsibility
bureaucrat is in no position to ask that ques- in keeping with federal standards. But it has
tion systematically. The proble, needs in- been confused during the past two decades. In
stitutional attention. Unless we can find many grant programs enacted in the 1960s Con-
ways to maintain the integrit) of the federal gress asserted a direct national interest in a
gant, it will, like the DOD airplcne which large range of functions and activities. The
waa continually modified to accommodate new Congress intended that the federal agencies
technical needs to the point it was too heavy intervene in projects end activities to assist
to fly, become a cumbersome anachronism. That in achieving specified national objectives.

t could have unfortunate effects on non-federal The Congress realized that this intervention
responsibilities in our federal system. woultail some federal supervision and con-

trol --However, neither the Congress nor the
Executive has given systematic attention to

THE ARGUY FOR "ACTIVE" OR what fe'eralinon-federal roles aid rc.%ponsi-
"TOTAL" PEDIAL ACCOUNTABILITY bilities chould be, namely, who should be

doing what and why. There is no federal as-
sistanee s.t tem in terms of which systematic

The use of grants to serve substantially dif- decisions can Lt. :,adc on federal. ( tervention
ferent purposes is responsible for most of the or involvement or chs lack of it

.  If we are
present confusion. Precisely because of this to do an adequate Job of managing the projects
confusion, the use of grants for inappropriate which require federal involvement, while re-
purposes has been accompanied by ccw asser- ducing red tape and unnecessary str..,d on
tions of the need for federal accountability.6)  those that do not, we must syste-o" .v lly al-
The argument for active federal accountability low for a passive or reduced fedei. .- 'e in
is, as I read it, first, that because funds some cases and an active or incre-,ep fed.,al
pass through the federal exchequer, the feder- role in others. This is necessary to reduce
al agencies are responsible for their exp. ndi- the confusion and wacte that exist.
ture; and, second, the agencies must imposa
requirements on grantees to assure accoun-
tability. Once that Je done, GAO holds that TYPES OF ACCOUNTABILITY
the agencies m.:t 4ct%%:'y -.nforce the re-
quirements.

Until we are able to cpecify when fenieral in-
The first part of the argum.t, that because volvement or federal control should occur and
funds pass through the federal exchequer, the clearly distinguish assistance projects in
federal agencies are responsible for their ex- which either of these relationships is desired
penditure, does not wash. It is a principle traditional grant proj.*cts and activities, and
that need not be applied to all transactions procurement relationships, the danger that
or relationships. it is not applied to direct federal involvement or cntrol will prolifer-
payments to individuals or to get;aral revenue ate to satisfy the pressitres which incline the
sharing. Overseeing the disbursement of fed- federal agencies in that direction will remain.
eral funds in one type of federal/non-federal Most sssistance relationahips do not require
relationship is one thing. It does not follow substantial federal involvement. Few require
that fthe same principle needs to be applied to federal control. When involvement or control
all federal/non-federal relationships or to all is required, specific agency decisions should
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be required. We need a practical way of dif- or other assistance agreements, as is done in

ferentiating between the federal control and A-102 and A-110, is improper because it is not
federal involvement required in some projects selective, but indiscriminate. Federal/non-
and programs and the absence of federal in- federal relationships on systems questions re-
volvement or control charactoristic of the lating to the management of assistance pro-
ttditional grant relationship If we are to jects and activities should be establishedonly
syntematically manage federal i, "olvement and at an institutional level, not at the project
control, we need to define them. or activity level. There should, for example,

be federal executive branch negotiations on
We need a range of types of accountability, systems questions with representatives of in-
We have full federal accountability in federal stitutions or aggregates of institutions.procurement in which the federal agency as- That would tend to insure parity of negotiating
sumes responsibility for specifying a product strcngth so that federal systems ipvolvement
or service and assuring that it is produced would occur as technical assistance to improve
and delivered or provided satisfactori.ly. A non-federal systems that are used in achieving
similar type of federal accountability or con- national ob.ectives.
trol can or should be arranged to serve some
federal assistance purp'o6es or objectives. In We have concluded that to rationalize pro-
some assistance projec' s and activities we curement-related federal involvement there
should have shared aco, ntabilV v in which is a need to institute a system of alterna-
federal off iials and recipie.t officials par- tive federal and non-federal roles reflecting
ticipate in assuring th-t projects or activi- alternative federal procurement and assis-
ties are uccessful. And in most asaistance tance relationships. Such a system will per-

projects and activities we should have grantee mit and require controlling involvement. Fed-
accountability in which the grantee is given eral involvement does not need to become in-
clear responsibility for performance in keep- tervention, the unnecessary proliferation of
inj with minimum federal standards, federal requirements. Accountability can be

defined differentially, reducing pressure
Alternative types of accountability, expressed for federal officials to intervene. Pressure
in terms of procurement relationships and to intervene has increased because the grant
three types of assistance rela tinships, can alternative is not well defined. The grant
be defined as shown on page 0 9 )  has become operationally meaningless in many

federal agencies. That in turn increases
These same alternatives can be expressed dia- pressures for accountability. This vicious
grammatically and related to agency purposes circle can be broken. It can be broken by:1 and methods of obtaining proposals as shown on defining the grant in a way that requires
page .. separating projects and programs requiring

significant federal involvement from those
which do not. This requires institutional

IMPLICATIONS change, not Just tinkering or ad hoc adjust-
ments by some federal agencies. The Congress
and the Executive must take the initiative.

The management alternatives or types of ac- Until they do, confusion such as that over
countability we have outlined are workable (10) procuremnt-related involvement will remain.
and provide an answer to the question of whatthe federal role should be with ;evect to
contracting under federal grants.T Federal
involvement and control should occur in some
cases but not in others. Procurement-related
involvement should occur only in assistance
contract or cooperative agreement relation- be 12, 1975.
ships and in a way consistent with the rela- ber 12, 1975.
tionships established. t should not occur (Tundr gant, wichshe.ldentil edeal(2) Derek Dok, "Harvard Dtiversity: The Pre-
under grants, which shc.ld entail federal sident's Report, 1974-1975," delivered
delegation or de-olvement of decision-malx4, January 10, 1976, pp. 4 and 22-23.
authority to arantees.

federal and non- (3) See, for example, GAC Decision B-185790,
July 9, 1976, Griffin Construction :zmpany

federal rola also sug ests a way to handle which states "... unless a grantor takes
procurement systems Involvement. Systems in-
volvement is not transaction- or project-on- such actions as circumstances Indicate

ented snd canrot be introduced selectively. necessiry tossupo grane th r• Itis ota orindscrtminte._1 is nvove-conditions it imposes upon grantees, there
-It Is tctsl or indiacriminate. isnvlemit t an institutional level.~ )It is incon- will be no guarantee that whnt the agency

requires to carry out congr.., -al pur-siste:.-! with the little or no involvementposes will be t."
propriate for grcnt projects and programs. To 8w e

i ntroduce procurement standards for all tants
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(4) The practical problem here may be one of with negotiations on needed systems con-
how to transmit the essence of the federal ducted at an institutional level?
system to recipients of federal awards
without the paperwork and bureaucracy that (12) Of course a contractor with many federal

accompany the federal system. contracts may prefer eystems approval in

lieu of the review and approval of indi-
(5) See Milton Lomask, A Minor Miracle, An vidual transactions. The important point

Informal lilstory of the National Science with respect to federal assistance is that

Foundation, Ch. 3, "Old Fears and New that choice should be a recipient choice
Ideas," Washington, D. C., GPO, 1976. and not federally imposed as is now the

case.
(6) See Thomas J. Madden, Providing an Ade-

quate Remedy for Disappointed Contractors
Under Federal Grants-in-Aid to Stites and

Units of Local Government, Federal Bar
Journal, Vol. 34 (1975), pp. 201-228.

(7) See James L. Sundquist and David W. Davis,
Making Federalism Work, Washington, D.C.,
The Brookings Institution, 1969.

(8) A framework for a federal "grants" system
was proposed by the U.S. Commission on

Government Procurement in its Report of the
Commission on Government Procurement, Vol.
3, Part F, "Federal Grant-Type Assistance

Programs" (Washington, D.C., GPO, December
1972). The basic Procurement Commission
grant concepts are discussed in Robert
D. Newton, "Towards an Understanding of
Federal Assistance," Public Administration
Review, Vol. 35, No. 4 (July/August 1975),

pp. 372-377, and elaborated in Administra-
tive Federalism, zo be published in Public

%Administration Review.

(9) Legislation embodying these concepts was
introduced by Congressman Frank Horton,
Chairman of the U.S. Commission on Federal
Paperwork, on January 6, 1977. See Cong.

Chiles, Glenn, Hathaway, McIntyre, Nuskie,
Nunn, Percy, Roth and Weicker on January
25, 1977. See Cong. Rec. for January 25,
1977, p. E-53. Identical legislation was

passed by the 94th Congress in October,
1976, but was vetoed by President Ford on
the premise that the concepts or some
variation of them could be implemented
administratively.

(10) The Energy Research and Development
Administration and the National Science

Foundation have proposed to implement these
concepts.

I (11) The approach suggested also has implica-
tions for grantee financial systems nnd

the federal audit role. Should grantees
be required to have the same types of cost
accounting systems as industrial contrac-
tors? Should the federal audit role be the
same for procurement contracts, assistance
contracts, cooperative agreements and
grants? Should there be during performance
evaluative and financial audit of contract,
cooperative agreement and assistance
contract projects and activities and after-
the-fact or delegation of audit on grants
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THE RELATIONSHIP BETWEEN THE FEDERAL GRANT AND COOPERATIVE AGREEMENT ACT
AND THE FEDERAL ACQUISITION ACT

Paul Barron
-k Sterling Institute (DAC)

INTRODUCTION Agencies which now use contracts to achieve

some of the purposes that are better suited for

This article addresses the relationship be- cooperative agreements now have a broader
tween the Federal Grant and Cooperative Agree- choice of program implementing options as a
ment Act and the Federal Acquisition Act of result of the enactment of the Federal Grant

1977 (S.1264) and implications of the Federal and Cooperative Agreement Act.
Grant and Cooperative Agreement Act of 1977

for the promotion of technological innovation. John H. Young of the Office of Technology As-
sessuent, in his article entitled "Implications
of the Federal Grant and Cooperative Agreement

THE FEDERAL GRANT AND COOPERATIVE Act of 1977 for the Applications of R&D In the
AGREEMENT ACT (P.L. 95-224) Civil Sector," beautifully articulates the

range of new options under that statute, namely
The "Federal Grant and Cooperative Agreement P.L. 95-224 (S.431).
Act of 1977" has nov become law. It provides
disciplined criteria for use of contracts, He points out that the major advances in re-

grants, and cooperative agreements and pro- search and development occurred through the
videb for an 0MB Study to determine the fea- acquisition process in fields such as the Atom-
sibility of pcoviding guidance in the field of ic Energy, and the Space Program, and that a
Federal assistance. It also provides OMB number of projects were developed to promote

authority to establish additional criteria for the transfer of the new technology from those
the use and application of administrative in- programs to the civil sector. However, the
struments in different situations. success of these technology transfer programs

has been limited insofar as utilization of such
technology in meeting research and development

THE FEDERAL ACQUISITION ACT OF 1977 (S.1264) need. of the civil sector.

The "Federal Acquisition Act of 1977," S.1264, His article addresses the subject of research

if enacted, will provide a totally new, single and devolopment to promote technological in-
statutory basis for the total acquisition pro- novation in the civil sector, that is, bring

cess. If it did this alone, it would be a to practical application and comercial util-
major achievement. However, it does much more ization, new techoology needed to meet civil
than this. Since it emphasizes policy rather sector needs.
than procedural detail, it provides broad lat-

itude to the Office of Federal Procurement
Policy in OMB to improvise, to test new proce- OBTAINING THE COMIThENT OF PRIVATE RESOURCES
dures and techniques in the acquisition pro-
cess. Thus, it provides a new range of op- Young points out that one of the primary Jis-
tions or opportunities for program implements- tinguishing features of trying to Introduce
tion within the acquisition process. technological innovation into practical civil

sector applications, is the requirement that
As a result, the Federal Acquisition Act organizations in the private sector commit

broadens the utility of the contract as an skills, management, resources and funds to ac-
administrative instrument to reflect desired complishment of the objective. Their willing-
roles and relationships of parties. Under the ness to do that depends upon motivations in-
Federal Acquisition Act of 1977, if enacted, herent in our competitive system, and there-
one could use a wide variety of contracting fore, the techniques used by the Federal Cov-
devices under that Act or if the element of ernment for research and development in the
assistance is involved, can go to the use of acquisition process to meet "Government" needs
a cooperative agreement, with a wholly differ- is not suitable for and cannot be applied to

eot set of accountability features and con- bringing technological innovation into actual
trols, or can go the grant route where the commercial application in the civil sector.
flavor of the assistance transaction contem-
plates little Federal involvement.

QSterlinit Institute (DAC), 1978, 1010 Wisconsin Avenue, N.W., Washington, D.C. 20007
202/337-4005

Reprinted with permission of Sterling Institute (DAC)
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Young points out that the Federal Government's For example, he poses several questions for
role in promoting to actual fruition techno- the purpose of such guidelines: Is thu dis-
logical innovation in the civil sector, is more tinction clearly drawn between (1) generating
nearly that of "partner" and the arrangement new knowledge to expand the range of techno-
between the Federal Government and non-Federal logical options, and (2) fostering specific
parties is more in the nature of a joint yen- ttchnological innovations? This question
tyre. Consequently, many of the elements of would, of course, disclose whether an agency
accountability and controls in contracting has given full thought to the roles and rela-
under the acquisition process would have no tionships and the type of admilistrative In-
realistic application or appeal under a joint stcuzent, and the accointability and controls
venture arrangement. This is because the pri- necessary to bring about technological innova-
vate sector member tust utilize t'ie mechanisms tion and its commercial utilization in the
that le employs on a day-to-day basis in making private sector (as distin:uished from simply
decisions and in managing projects within the developing new technology and :eaving it
entrepreneurial framework, banging).

lie Illustraes this point by reference to the Another guideline question ha poses for Con-
possibiu different treatment that patent rights gressional utilization is: Are the.Fcdcra'
may require o connection with a cooperative and non-Federal roles and respnsililities
agreement to promote civil sector objectives appropriate to assistance relationships re-
such as the development of commercially feasi- flected in the use of alternative iegal in-
ble energy process. The unilateral right to scruments? Here he points out that assistance
change direction or to terminate would take on "ela'tionships, such as under a cooperative
a less acceptable flavor, he points out, in the areement, imply a cooperative effort in
environment of a joint enterprise. This was achieving a common goal; that such goals lie
also pointed out in an article by the EF.DA b'.,nd the limited period of Federal involva-
Deputy General Counsel, Leonard Rawicz, de- rcnt and support. The introduction of the
scribd In the concept paper on cooperative cooperative agreement, now available on a
agreements, elsewhere in this Symposium. Government-wide basis, provides a means for

sharing responsibility with non-Federal par-
John Young also points out one distinguishing ties while retaining the degree of Federal
feature-of Innovation goals for the pri,6ate involvement necessary to achieve public policy
sector. The fact that the non-Federal parties objectives.
who have the capacity and incentive to deliver
the goods and services fr,,a which the public Another question posed by Young for utiliza-
will benefit, will be involved in the delivery tion by Congress in the review of implements-
of such goods and services long after Federal ion of the Federal Grant and Cooperative
support and involvement comes to an end. And, Agreement Act: Is the potential of a unifora
of course that is rhe very purpose of the Fed- Government-wide framework for systematically
eral involvement, to promote the co-nmercial learning which program inputs achieve the
utilization and the ulctiae disengagement of desired program outputs, being fully exploited
the Federal overnment from participation in hbr executive agencies?
the project.

This qtaestion, for example, wou~d also be uti-
The Young article further points out that the lized by OMB In learning on a Government-wide
Federal Grant and Cooperative Agreement Act institutional basis, which arrangements work
expresses no policy preference as to whether and which do not, and therefore offers the
there should be more or less Federal involve- opportunity for providing guidance in delinea-
ment or control in assistance relationships. ting roles and responsibilities and the proper
Rather, it establishes a framework of relation- administrative instruments to reflect those
ships that requires explicit delineation of roles and responsibilities.
Federal and non-Federal roles and responsabili-
ties.

CONCEPTS IN TIE APP ICATION OF ASSISTANCE
DOLLARS TO PROFIT- AKING ORGANIZATIONS

GUIDELIhES FOR CONGRESS IN REVIEWING
PROGRAM IMPLE1M4TATION Another area of discussion in the Young paper

is the fact that under the Federal Grant and
Young's discussion is particularly useful in Cooperative Agreement Act, Federal assistance
that it provides guidelines for the Congress may be provided to private sector profit-
to consider in reviewing activities of execu- =aking organizaroi.:. A good illuatraticn of
tive agencies for t7e purpose of determining this would be the use of cooperative agree-
whether the provisiots of the Federal Grant and ments on de.nonstration pt: ,-cts where the or-
Cooperntlve Agreemenr Act are being effectively ganizations able to brin! such prc !-ts to
implemented. commercial utilization aould norrazi- be

profit-makinR organizoitions.
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He points out the need to assure that the dis- It would sppesr possible that agenries, in

tribution of such assistance is on an equitable looking at their own direct missions can iden-
and competitive basis; that such assistance tify problem areas in the civil sector requir-
must be provided in such manner as to equitably ing technological innovation that tie in cloa-
and competitively achieve the public goals at ly with their own missions. Conversely, the
the same time that the private profit-making civil sector could identify R&D needs as can-
organization is in pursuit of its normal profit didates for matching with related Federal mis-
objective. sion R&D needs. The type of R&D inventory

work done by NSF might be helpful here.
Young uses an intriguing scenario in which the
Treasury Department entered into various kinds Such collateral research and developm.nt ob-
of transactions including both procurements and jectives so identified could then b;- factored
cooperative agreements to achieve a civil see- into each executive agency overall program.
tor objective, in this case, the development of
computer-aided coding programs to handle bearer While this might result in somt- modest broad-
bond indebtedness by cities. This was done es- ening of executive agency missions, and with
sentially through analysis of why the ordinary some cost implication, it would appear, in
market forces in the entrepreneurial system it- view of the stated policy objectives of the
self were not prelucing the needed technology Federal Acquisition Act of 1977 that such
and then constructing the environment in which agency matching of missions with civil nector
the entrepreneurial sector was motivated to innovation needs would be consistent wi t the
achieve this objective through catalytic use of objectives of that Act, and would promote the
some R&D funds of the Treasury Department. recommendation of the Commission on Government

Procurement in regard to research and develop-
Young points out that one of the key problems ment in support of agency missions.
here is to cake a civil sector R&D problem,
such as a State or city problem, and get it

placed on the R&D agenda of a Federal agency. THE TWO STATUTES PROVIDE COMPLEMENTARY AND
These civil sector problems tend to fall be- UNIFYING PROGRAM IMPLEMENTATION POTENTIAL
tween the crevices of the mission mandates of
agencies. He points out that this situation The point here is that the Federal Acquisition
may turn out to be a fundamental limitation on Act, together with the Federal Grant and Go-
the effectiveness of the Federal R&D policy operative Agreemenr Act provide a broad basis
tool. for program implementation under the control

of the Office of Management and Budget.

CATALYTIC ROLE OF THE FEDERAL ACQUISITION ACT This means that the total range of authorities
IN PROMOTING TECHNOLOGICAL INNOVATION for effective program implementation are now

brought together at a single point il the Gov-
At this point, it is interesting to observe, ernment with control over policy and the abil-
uader the proposed "Federal Acquisition Act," ity effectively to promote improvement in both
that there would now be introduced a basic pol- the acquisition and assistance processes.
icy and objective of the acquisition process
itself to promote technological innovation and The opportunity to broaden the mode of program
to encourage the admission into the field of implementation within the acquisition process
new bujinesses and small businesses and the pro- by the use of contracts under S.1264 is pro-
motion of the interests of minority business vided by some of the provisions of the Federal
enterprises, as well. The point is that S.1264 Acquisition Act which permit waiver of certain
puts the entire multibillion dollar acquisition controls, subject. to the criteria set out.
process squarely behind technology innovation, This provision for waiver of certain require-
with all the implications for collateral assis- ments in effect provides options within the
tance to civil sector needs, acquisition process to reflect different roles

and responsibilities appropriate to the par-
It is not too great a stretch to perceive the ticular undertaking.
possibility of employing the new technology and
innovation objectives of the Federal Acquisition Thus, the two statutes S.1264 and Public Law
AcL, as a means of promoting research and ? 95-224, taken together, provide a broad range
velopment in the civil sector, as an adjunct to of administrative Instruments and provide for
P.L. 95-224, broadening program implementation different levels of accountability and control
alternatives still further, to reflect the roles and relationships between

the Federal Government and non-Federal parties
This objective of the Federal Acquisition Act that are needed for the prrticular objectives
also directly carries out recommendations of the and strategies involved.
Commission on Government Procurement, that all
executive agenciea promote research and develop-
ment in areas related to their basic mission.
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Z THE SINGLE FOCAL POINT

e Another very important factor in the relation-
ship of S.1264 and P.L. 95-224 is the fact that
both laws would be under the control ani imple-

E mentational jurisdiction of the Office of Man-
agement and Budget. Thus, for the first time
the entire process of examining and dealing

wth effeclikae program implementation coen-
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PROCUREMENT EXPERIMENTATION IN THE FOREST SERVICE

Norman Anderson, Boise Interagency Fire Center

John E. S. Lawrence, Research Triangle Institute

ABSTRACT

Cooperative efforts by the U.S. Forest Service
and the Experimental Technoloqy Incentives Pro-
gram of the U.S. Department of Commerce, National
Bureau of Standards, have resulted in procurement
experiments usinq incentives to private industry
for the manufacture of innovative products. The
advantdges of such procurements to the USFS are
in obtaining specialized equipment not readily
available in the commercial market, and particu-
larly in passing on some of the costs of related
R&D to the private sector. The knowledge gain
to the National Bureau of Standards lies in the
comparison of effects of various incentives across
different product types and procurement environ-
ments. Using a case study approach, within a
conceptual framework facilitating subsequent
qeneralization of results across aqencies, a
single experiment is described, from identifica-
tion of agency need, through commitment of
resources, development of prototype specifica-
tions, choice of manufacturer, delivery of the
prototype, and field test and evaluation, to
the attainment of a satisfactory product.
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PROCUREMENT POLICY IMPLEMENTATION - CASE STUDY OF THE LEAD AGENCY APPROACH

Floyd Lewis, Stanford Research Institute
Allen Beres, General Services Administration

ABSTRACT

A life cycle costing (LCC) can result in dollar
and energy savings for the Government when used
as a method for the procurement of equipment.
The Federal Supply Service (FSS) has been named
as the lead agency in sponsoring the use of
LCC for this purpose throughout the Government.
The current phase of the FSS approach involves
the design of an appropriate mechanism for the
sponsoring of Government-wide use of LCC. To
this end. parties of interest wiil soon be
contractc to o btain their input into the design
process.

At
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PROCURING SYSTEMS: EXPERIENCES FROM CIVILIAN AND DEFENSE AGENCIES

Charles W. N. Thompson, Northwestern University

INTRODUCTION of the evaluation system will be described.

The purpose of this paper is to describe some CHARACTERISTIC DIMENSIONS OF SYSTFIAS
of the lessons learned (and being learned) in
the process of procuring a special kind of sys- At least since the 1950's the procurement of
tem called an "evaluation system." This des- systems has been recognized as introducing
cription draws not only upon the eAperience problems in addition to those presented by the
with the specific system but also prior experi- procurement of other products and services.
ence with the procurement of several military These problems occur throughout the procure-
subsystems which, although hardware systems, mont process--in defining the system, choosing
presented comparable problems. The experience the contractor, developing (and producing) the
with military systems, and reference to the system, and putting it into use (implementa-
literature, is used to provide a context within tion). One way to examine these problems is
which the special problems of procuring evalua- to look a: the underlying structure of systems
tion systems can be observed. This context is [5:4] [18:239] to identify ways in which they
presented in the form of a set of dimensional differ. In this section, systems will be des-
characteristics of systems and a set of strate- cribed in terms of some selected characteris-
gies particularly appropriate to evaluation tic dimensions.
systems.
sSystems 

tend to have In cemmon three charac-
The evaluation system which is the focus of teristics which set them apart from other pro-
this paper is being procured by the Experimen- cured products and services. They are large.
tal Technology Incentives Program (ETIP), they are complex, and they take a long time to
National Bureau of Standards, to provide a con- acquire. These characteristics require a
tinuing capability to evaluate the results of large number of people with diverse skills and
procurement experinents designed to meet the interests to work together over a long period
objectives of both ETi' and the several federal of time. While this introduces a variety of
procurement agencies with which ETIP is coop- problems, two will be mentioned here. First.
erating. Discussion of these procurement ex- the diversity of skills and interests presents
periments is being presented by other speakers problems of cooperation (or interface) and of
at this session. At the present time, the communication [10:60] [17J [19]. Technical
evaluation system is in the process of devel- specialists tend to be concerned wkth the
opmcnt end test of the prototype, the second of technical performance of the part they are
three phases, responsible for and to ignore or give a low

priority to other parameters (such as cost,
Although intended primarily to meet the need to schedule, and interfacing technical parts)
procure an evaluation system, the process used [22:411, and they may be insensitive in the
to procure the system was, in itself, an "ex- demands they make on others [10:60). Procure-
periment," and is reported more fully elsewhere ment and management people may neither under-
[14] [15]. This experimental nature of systems stand nor be "comfortable" with the technical
procurement is, perhaps not unexpected, and it problems [3:62] and may be more concerned with
has been observed that procurement of systems current budgets and schedules, and near-termi
is still undergoing experimentation, at least problems, than with the overall parameters of
in a trial and error sense [1:577, 585]. As an the system [23:86]. Second, the long time to
experiment itseli, the process by which the acquire presents problems with the increased
evaluation system is being acquired and re- turnover cr change in persons who support or
lated processes are being more formally exam- oppose the syscem. Clients, sponsors, and
ined. It is hoped that these more formal ex- users change jobs, retire, or die; opponents
aminations will describe the process and the have the time to become informed and organize
results obtained, and, more generally, related themselves [16]: requirements may change or
processes for the design of systems. competing systems may become available.

The primary focus of the remainder of this While the above comments were directed to
paper will be to describe the problems present- characteristics which systems share, there are
ed in acquiring an evaluation system which is a number of characteristics or dimensions
"administratively implementable" [6]. In order which may be used to distinguish among sys-
to relate the problems (and solutions) here to tems, particularly with respect to the prob-
those more generally presented in the procure- lems faced in procurement. The discussion
ment of other systems, a set of dimensions which follows will deszribe a series of sel-
which characterize differences among systems ected dimensions; it should be clear, however,
will be presented, following which specific that there may be other dimensions of inter-
strategies used or proposcd in the acquisition est. Each dimension will be described, fol-
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lowed by a brief discussion of its relation to Incremental *-* Novel

problems of procurement, particularly noting
those relevant to the specific systems wbtch This dimension is the degree to which the sys-

provide the oase for this paper. tern represents a change from the "system" it
replaces (Figure 1). Incremental improvements
in present systems tend to be easy to procure

Hardware - Software (and to put into the inventory); they repre-
sent small changes which are easy to under-

This dimension ir the degree to which the sys- stand and to adapt. Most systems procured as

tem can be described or visualized in terms of systems probably fall into the category of

specific physical items (Figure 1). Systems significant improvements on thi "present" sys-

which are substantially described is "hard- tem, and they present moat of the conventional

ware" tend to be easy to visualize; what is problems of systems procurement [II]. Evalu-

included "within" the system is easy to de- ation systems would usually fall into the next

fine; its characteristics (performance, cost, category-systems which nominally replace sim-

exiqcence) can be identified; and different ilar existing "systems." Because the existing

people can share a comon understanding. As "system" may not be recognized as such, or, in

the non-iardware component becomes a more sig- many cases, may not "exist," cost/benefit com-

nificant par: , ne "system," the system parisons may be difficult or imposs,ble tc
loses its visibility, and it may become more make. The final category on this Ctensin

difficult to treat it as a system [1:576] [5:4] covers novel systems, systems for which is no

(7:1]. organization charts and process flow comparable existing system to replace; these

diagrams which largely characterize evaluaticr tend to present very specialized problems in

systems are often difficult to accept as a procurement, e.g., the system for landing a

description of "the system." man on the moon.

This dimension includes a number of roughly

Ma Few paralleling sub-dimensions, a brief discussion
of which might serve to distinguish related

This dimetnsion 13 the degree to which the sys- system characteristics. The degree of change

tem will be produced in quantity (Figure 1). (or novelty) may be with respect to function.

Systems which are produced in large quantities In the extreme, the function of the system may

differ from small quantity systems [7:23-28] be one which no one (seriously) considered

in at least two respects. First, development possible, or one which hadn't even been

costs tend to be n significantly smaller pro- thought of; as a consequence, there has been

portion of total costs. This may facilitate no preexisting need. A closely telated change

tradeoffs between development costs and ini- would be where there was a need, but it was

tial and/or operating costs, and the benefits assumed that the system couldn't I.e provided;

of a large number of systems in operation may the change here would be in novelty of payoff

make it easier to "justify" the absolute a- or benefit. More commonly, the Change (or

mount of the cost of development. Second, for novelty) may be described in terms of how the

most, if not all, defense contractors the pros- system performs its function, or how fast or

pect of production in quantity (and follow-on how well, and changes in how people use it or

procurement) is the major incentive. Because operate it. Another comizon type of change (or

the development pnase may provide only a break- novelty) is in how the system changes the re-

even on costs, or even a loss, the contractor lationshi'is of people to other systems; for

will be highly motivated to assure that the example, :he new systems may make obsolete

system is designed in such a way that it will certain citegories of personal skills or

,o into the inventory, change an individual's ability to control
events. ifore generally, the change (or novel-

An evaluation system may be procured as a sin- ty) may b,
. 
in related systems-bugets, polil-

gle system, or, at most, it will be limited, cies and .)rocedures, logistics, appropriate

initially, to a very fet yatems. This has Lechnolog';, Ptc. Finally, the chan~e (or nov-

the obvious effect of ;r Ing the development elty) may be with re,,pect ,o non-cooperating

costs a very large proportion of the total individuals or tysteit.-the enemy, competi-

cost, and providing for an offset limited to tion, or environmentral protection groups [16].

the benefits of only one (or a few) systems in

operation. A more serious problem arises, how-
ever, in the incentive to the contractor during Inhouse -- Isolated

development; his prospects for recovery, at
least directly, are limited largely to his This dimensIon is the degree to which the de-

profit on the devolopment. Only if he artic- veloper of the system is responsive to the di-
pates the development of additional markets (or rection and control of ti, t-sor (Figure 1).
is concerned with his reputation no a systems the highest degree oi responbav",,,, 

t
r, al-

contractor) will he have a strong incer.tive to ternatively, the closeut relations' ip) way be

design'.ig the system so that it is asure? 9f ezperted where th., developer is employed di-

going ato operation. recily and specifically by the user; this is a
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conon form in many industrial organizationz Coamon to most systems is an extensi,'e system
and has a long history in the military as th( definition process, based upon a cmparably
"arsenal concept." Except where the large extensive process of defining the need fo- the
size of the user organization results in long system. The general characteristics previ-

communication links, and a diffuse control ously mentioned--size, complexity, and lo::g
system (i.e., both communication and the re- time to inventory--require extensive processes
waid and punishment structure), the developer for the direction and control to provide an
who is directed to produce a desired system, acceptable (and, preferably, the "best" ob-

and ho receives constant review, is likely to tainable) combination of performance, time,
be successful in producing a system which will and cost. Various types of contract forms and
be used. Contracting out introduces all of Incentive systems may be employed, in some
the problems of procurement, and, most partic- cases parallel development will be pursued.
ularly, the problems of choice of contractor, .nd direction and control through review of
of assigning risk, and of providing review and phases (and milestones), paralleling the re-
direction. The problems of assuring that the earch-development-production-use spectrum
system Lhat is designed will be used tend to (or its several variations), is characteris-
be increased where a third party is the spon- tic.
sor. Wherc the developer is the "sponsor,"
two different situations may appear. If he Of particular interest are the followin, se-
takes a "marketing approach," i.e., he is de- lected strategies which are discussed with
signing "to order," the system may be even respect to their usefulness in the procurement
more likely to be used than in the third party of the specific evaluation system here.
case. However, if the developer takes a
"sales approach," i.e., he designs "for stock,"
his prospects may be much worse. The extreme Contractor Selection
case on thi. dimension is the "pure researcher"
or "independent inventor" who may even be un- Because of the novelty of the proposed eval-
interested in the procurement and use of his uation system, it appeared likely that neither
product [8:23] [13:43] [22:41]. the government nor potential contractors would

have an in-being capability to design and de-
The specific evaluation system of concern here velop the system. For this reason, among
is under third party sponsorship, although others, the method of procurement involved a

there is a close relationship with potential lengthy and detailed and candid description of
owners or users of the "system, perhaps as what the government knew, what it was looking
strong as many which exist in very large using for, and how it would select the contractor.
agencies. It does seem clear, however, that The purpose of this full disclosure was to
the relationship between the developer and the minimize misunderstandings, to provide guid-
ultimate user is a critical dimension. ance to potential contractors, and to begin

the process (with the selected contractor) of
It should be noted that these several dimen- working together cooperatively. This strategy
sions contribute to the complexity of assess- is described more completely elsewhere [14]
ing the costs and benefits of a system at [15].
various points in its acquisition. And this is
true whether the approach is to compare the
costs of System A with the benefits of System Liaison and Review
A, or to compare the ratio of costs to benefits
of System A with the ratio of costs to benefits Because of the novelty of the system, and
of System B. third party sponsorship, liaison and review

were recognized early (as a matter of fact,
in the contractor selection process) as crit-

SPECIFIC STRATEGIES ical. Emphasis was placed on on-going, in-
formal exchanges, with the intent that formal

The dimensional characteriscics of a system may reviews and approvals would be after-the-fact
serve to suggest not only the kinds of probleas confirmations of previously agreed positions.
which procurement (and implementation) of the Specidl attention was given to liaison with
system faces but also strategies which may be the potential user (or "owner") of the system
used to solve them. In this section a number [5:5] 112:7] [14:171-2] 121]. but this was
of conventional strategies, common to many sys- complicated by the predominantly software
tem procurements, will be discussed briefly; characteristic of the system, its novelty,

following this, specific strategies which have and the small (but still uncertain) number of
been proposed or employed in the procurement of systems. Potential users (and others) had
the present evaluation system will be present- difficulty in visualizing (or identifying) the
ed. It should be clear that many, if not all, system, including understanding what it would
of these specific strategies have been used, or do and its usefulness; the developer had dif-
may be applicable, to procurement of other sys- ticulty in identifying specific individuals
tems. who would be potential users, and there was

more incentive to "develop" than to be con-
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corned with implementation. could "see" in operation, which he could us-
as the bcsis for suggesting refinements and

modifications, and which he could use as a
Identifying User (or Owner) basis for planning the installation and opera-

tion of the on-line evaluation system.
Because of novelty, third party sponsorship,
the software nature, and the small quantity, Particularly because of the non-hardware char-
the identifying of a specific user who could acteristic and the novelty, it was cotts.dered
work with the developer to assure that tfle important that there be a "visible" system for
syst,!m as designed would be acceptable took the user to "see." This capab!lity is one tteat
more time than anticipated. It was recog- is provided, even for hardwaro systems, in the
nized, however, as a critLical priority. Where form of simulations, mockaps, deivonstrarl'rs,
the "present system" to be replaced Is not models, and various graphical representations.
necessarily a specific entity, with some or- For an evaluation system, it seems clear that
ganizational element (or individual) clearly t'he need may be much greater.
reporsible not only for the present system
but a. o the new system, the identification of
the cpt :if ', 'ividuals who will be responsi- SUMMARY
ble for Li .a ,Li.ion anti use rniy be very
dxff:.ult. It requires specific individuals Experience with the acquisition of an , !ua-
to provide puidance on how a "novel" system tion system has been presented in terms f a
will fit into o.her existing systems, who can set of dimensional characteristics which dis-
plan th, :rainl g, budgeting, personnel, -nd tinguish different systems and specific strat-
space 'equirements, and can coordinate the egies used or proposed in the acquisition of
process of implementation. And ev:n under the the evaluption system.
best of circumstances it requires the "best
people" and, esually, with strong, senior sup-
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PROCUREMENT EXPERIMENTATION IN THE VETERAN'S
ADMINISTRATION

- Kathleen R. Flaherty
Experimental Technology Incentives Program

ICenter for Field Methods
National Bureau of Standards

ABSTRACT

The procurement area of the Experimental Tech-
noloqy Incentives Program (ETIP) at the National
Bureau of Standards has as one focus the impact
of procurement incentives on innovation in
developmental products. The medical products
field is thought to offer considerable potential
for procurement experimentation. ETIP is pur-
suing a mixed strategy for identification of
product areas as targets of procurement changes.
The strategy involves both searching within a
health care delivery agency for user needs that
might be met through procurement, and searching
in industry for new trends in product develop-

-ment that might be pulled through procurement
incentives. To date, the Veteran's Administra-
tion, the largest single hospital system in the
United States, has been ETIP's partner agency
in medical products procurement. This paper
will outline ETIP/VA experience in developing
and conducting a program of procurement experi-
mentation.
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PROCUREMENT EXPERIMENTATION IN THE VETERANS' ADMINISTRATION

Kathleen R. Flaherty
National Bureau of Standards, US Department of Commerce

ABSTRACT ETIP Procurement Area because the "VA supply
service supports the most extensive medical

The Procurement Area of the Experimental Tech- proqram in the Federal Governent...(and) the

nology Incentives Program (ETIP) at the National procurement process of the VA can and should be

Bureau of Standards has as one focus the impact a major influence in contributing to improve-

of procurement incentives on innovation in ments in the natic-'s health care delivery sys-

developmental products. The medical products tem" (ETIP Project "lan #8, pp 1-2). p
field is thought to offer considerable potential
for procurement experimentation. ETIP is pur- Acquisition experimentation within the VA offers

suing a mixed strategy for identification of a good illustration of the administrative experi-

product areas as targets of procurement changes. mentation arrangement. The VA Supply Service

The strateqy involves both searching within a throuqh its marketinq center is able to apply

health care delivery agency for user needs that procurement tools that have not enjoyed consis-

might be met through procurement, and searching tent application in the past in purchasing

in industry for new trends in product develop- innovative equipment and supplies in keeping
ment that might be pulled through procurement with its mission. At the same time, ETIP is

incentives. To date, the Veterans' Administra- able to extend its procurement-innovation know-

tion, the largest single hospital system in the ledoe base in areas untouched by its experimen-

United States, has been ETIP's partner agency tation with other agencies. To facilitate

in medical products procurement. This paper development and execution of acquisition experi-

will outline ETIP/VA experience in developing ments, an office has been established within the 1
and conduzting a program of procurement experi- Testing and Evaluation Division at the VA Market-
mentation. ing Center at Hines, Illinois.

BACKGROUND FRAMEWORK FOR PROCUREMENT POLICY DEVELOPMENT

ETIPETP An ongoing ETIP effort simultaneous with the con-

The Experimental Technology Incentives Proqram duct of specific procurement experiments is

(ETIP) within the National Bureau of Standards develo~inent of a framework to categorize and
is tasked with aeveloping knowledge on the aggregate the procurement innovation bits of
impact of qovernment policies on private sector knowlFdge resulting from those efforts. One of

technological innovation. One area of con- the earliest formulatio'is of this framework
tinued emphasis has been to examine Federal recoqnized aspects of the VA which would contri-
and, to a limited extent, state and local acqui- bute to ETIP's understanding of the impact of

sition policies as barriers or incentives to qovernment acquisition policy on innovation.
product innovation in industry. The principal One feature of the VA procurement function is

means of examinirq acquisition policy impicts that it acts as an "(wner/user ourchase"; in
has been the administrative experiment, a other words, the VA both purcnases and uses the
cooperative arrangement in which the product supplies it acquires. This is in contrast to

procurement needs of an agency are met while the Federal Supply Service, another partner

simultaneously allowing ETIP to develop data agency with ETIP, which acts as a broker between
regarding industry response to such procure- users in other governrent agencies and industry,
ments (Thompson, 1974; Thompson and Rath, 1974). on the products it btvs.
To facilitate acquisition experimentation,
partnerships have been formed with agencies who As work in the procurement area has progressed,
have acquisition responsibility as a principal attempts have been made to incorporate some of

component of their missions, the literature on innovation i4 indusiry. In
particular, efforts have been made to incorporate
the notlo.i of the "product life cycle" or "pro-

VA duct growth curve" as discussed by Abernathy and
Utterbach, Tilton and others. Briefly, this

A partnership between the Veterans'Administra- literature recognizes both product and produc-
tion and ETIP was formalized during the initial tion process inn. vations and postulates maximum
years of the Program to develop experience in policy impact on product chanqes when design
the procurement-innovation link in health care alternatives are under evaluation. Once design
delivery, the largest service industry in the parameters become more secure, the cost ol mak-
U.S. economy. The VA was considered the appro- ing changes becomes more expensive and the inno-
priate agency for ths particular focus of the vation focus shifts to process changes. Finally,
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as the Drodict matures, emphasis is no longer The concept of a product charr-c~on was i: 'j
primarily on product or Process innovation, but in two subsequent acquisition eyperiments.

;jicos; reduction (Abernathy and Utterback, portable oxygen producer and the hypoderrnP
I~~.device destructor. Both products were active v

sought by the Director of the Department or
The "A seems to offer an onportiity to explore Medicine and Surgery in the VA Central Offi'.
products in the developmental scage. Again, as siqnificant contributions to the deli~ery
this is in sharp contrast to the FSS example of patient care.
where much ETIP work has been done with mature,
enerly intensive ,roduct.. Portable Oxygen Producer[ The portable oxygen producer, was an

attempt to use the procurement process to pull
STRATEGY FOR S'ELECTINIG EXPERIMENTS a substantial change in the state-of-the-art.I:A performance specification which described a

finvice free from an external po, source %nd
The t,-anework elanents will ultimately help light encough Fnr patients with rDulmonary di:;-
guide he selection of experiments within the abilities to car~ry, in addition to other char-
VA syst-li. 11owever, experime' ts were initiated acteristics related to noise, safoet , nd
prior co .mv -c t of the frercewcrk and a internal oxygen storane was demlve % ' i(
variety of sources continue to contribute exper- experiment was innovative in several w~y
irent ideas. notably, performance specifications were rarel'y

used in VA acquisitions, and the particular
product sought was unavailable at the 0-' of

Product Ch~iar the VA procurement. A two-step prototype of
procuremnent was used as it was recognized ir

Seve'al experiments were initiated eerly-on in the VA as providing a means of promoting cor-11
thp £T1!P ' VA relationship -is "getting-our-hands- petition for new or improved teuiirouogies
dirty" experipnce-s. Most of these ideas were under the vrovisions of the VA procurement
first identiflee! in a consultant's report requiations. Technical proposals were sub'
exDl'lrinq the ift as a~ possible site for acqui- ted by two $irms; both were unresposncve.
sition exoc-rinlent-ition. Three products-- Lessons lc-z.rned from the 6-fort were s*~~
surgical gloves. the portable oxygen producer r~r Dvirposes of irnitiation of E.T!:!1VA ep.
and th - rypdennic device destructor--were ments:
sole,:teo for the first cycle [TIP/VA experimients. Teeitneo rdc apo

Sure ical Gloves is very helpful.

The surgical gloves experience was an '~Future experimental efforts Ahould
attempt to purchase a "preference item," one in-4olve careful pre-!FB assessr*n*
for whicii different usc-s have different con- of market trends and market poten-
f.epts .if drsiriblq qualities, using performance tial for the product in (-der to
specifications si~ch as tensile strength, or cnsure responsive bid;.
stiffness of -aterial. There was no particular
individuil with the VA system who was actively "Careful assess.ment of customer neces
invL-lved, or "championing"' this product. The and priorities within then, Should
a)poroach taken to development of a nsecification precede experimental procurements.
w-is *i' ur~di;stry sr~posiu'n followed by a task

f -jd .njus try tf f )t to Pr'oduce a soeci f- The degree of advancement in the
I-atioi. Tht. resul'ting speciclication ws not state-of-the-art should be exploredl
useful for purposes of procurenent and the exper- and the foll i~wing alternative acoil -

-i imert was dropped. si'.on techniques examined:

Two bits of knowledge -re gained from this -- or i series of small state-
exoerience for future F1, IVA ventures. The of-t~e-art advances, prototype
first is that evaluation of the Impact of a :nro- procuremE'it with a CI'iori tilee
curement of a preference itemq would have bren a setl of perfor.ance spec,;fi,'
conplex task at best. Since measures of satis- tions may be aoplropriate.
faction would necessarily reflect these prefer-
ences, a conclusion as to whether or not a -- For large advances in the
better glove had been purchased would be state-of-the-art a cost-
extremely difficult to draw. Second, the sur- reimbursable R'.D approacl' ia,
gical gloves experience seemed to indicate that Provide a qrea'er incentive
itwas d.tfcut to qee. ai" experiment going and s"pc p-.'4sustain isorpttnw*ithout anidentifiableatw-eprttyr.
idividual or qriup interest,,l in obtaining the

rmsulItir prodact.
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For no real change in the state- experiments to maximize the
of-the-art, performance specifi- likelihood that the desired pro-
cations alone may suffice, duct is obtained.
fMcEachron and Woodward, 1976)

Hpodermic Device Destructor Agency Problems

The second product championed by the Depart- Another approach which is frequently used by[rent of Medicine and Surgery was tne hypodermic the ETIP/VA in identifying candidate products
device destructor, a contempbrar v of the por- for acquisition experimentation is to make use
table oxygen producer in the ETIP/VA procurement of existing products. Those approached offer
experimentation. The project was in many ways the advantage of identifying a champion for

similar to that of the portable oxygen producer: the product as discussed above. Two such sys-
the two-step prototype procurement technique tems are the QIR (Quality Improvement Report)
with performance specifications was used. How- and the Hazard Reporting System. Both offer
ever, unlike its contemporary, the hypodermic opportunities for the ETIP office within the
device destructor procurement sought a moderate VA to pinpoint products with which users have
advance in the state-of-the-art. In fact, the had problems and to screen them for products
VA was the procurement as a means of spurring that have promise for technological improvement
its current supplier to make "etter use of and commercialization in keeping with the [TIP
existing hypodermic device technology. Again, mission. The VA has also been used as a site
the procurement was not completely s.ccessful for testing of a system developed at the FSS to
in that none of the bidders were immadiately match user product improvement ideas with indus-
responsive to the procurement; however, the VA try ideas. Four candidate products have come
expects to obtain the desired device through from this source.
follow-on with several bidders.

Contrary to initial expectations, the Industry Problems
bidders offering device destructors tc, the VA
were not current suppliers but rather small A special effort was initiatcd by ETIPiVA to
compaction-equipment manufacturers who were not determine the workability of investiqatiny
factors in the medical device market. The VA industry improvement ideas first. then matching
has made efforts to bring the most promising them with agencies with procurement responsi-
bidder up to specifications. In the meantime, bility. A Medical Products Search was con-
another small concern has developed and demon- ducted by a contracter, which identified and
strated a device destructor that vtry nearly ranked ten product ideas. ETIP/VA is now in

meets the initial spcciflcation. Plans are to the process of finding champions within the VA
do a aetailed case study of the circumstances for those of the products used within the VA
under %;hich this device was developedI and system. The process has not yet been fully
offered to the VA market. evaluated.

There is so.,! indication that re-ulation
was a prime motivator ii development of thehypodermic device dastructors offered to the VA SUMMARY

in response to this .cquisition experiment
(McEachron and Chandler, 1976). While the
small fi rm offering Of most promising bid The program of experimentation with medical
seemed to feel that Feapral regulations were products has been somewhat slow in yielding a
moving in the direction of more stringent proliferation of new products. A number of
3yringe and needle destruction specifications, strategies are being pursued to identify can-
the larger fi rm already in the industry did didates for experimentation. These ideas are
not regard this as the trend. Furthermore, the then matched with experience gained from three
larger firms were moving in the direction of early "getting-our-hands-dirty" procurements
cheap, simple destruction devices without decon- descrioeo in this paper.
tamination features sought by the VA.

The VA experience has offered some opportunity
Many of the lessons suggested by the por- to expand elements of the ETIP Framework for

table oxygen producer were again suggested by Procurement Policy Development and is expected
the hypodermic device destructor: to make numerous additions in the future.

o The existence of a product champion
within the VA is extremely useful in
initiating and completing acquisi- REFERENCES
tion experiments.

o Careful market trend and market Abernathy, W. J., ard Utterback, J. M.
potential asseco,nts should precede Innovation and the Evolving Structure of the
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I.

DUAL AWARDS AND COMPETITION - YOU CAN HAVE BOTH

CAPTAIN DARRELL R. HOPPE, A-10 SYSTEM4 PROGRAM OFPICE

BACKGROUND award process continued using the evaluation
criteria in the RFP. The end result was that
both offerors were awarded quantities above

After completion of a competitive prototype. MSR a,,d the presence of competition
phase and a formal source selection with nego- weighed heavily in the determination of accept-
tiation, the A-10 System Program Office (SPO), able prices to the Government. In ummary, we
Wright-Patterson AFB OH awarded contracts to had satisfied all of the objectives of the
Fairchild Industries, Inc. and General GAU-8/A 3aomm ammunition program which were as
Electric Company for the A-1O Close Air follows:
Support Airframe and GAU-8/A 30mm Gun System
respectively. General Electric's contract 1. Establish and Maintain a Defen-,e Mo.litiva-
specified Full Scale Development (FSD) and tion Base - This was accomplished by including
initial follow-on production of the Gun Sys- an MSR in the RFP pricing structrre and mobil-
tem and 30mm ammunition. At that time (1973), ization support factors in the evaluation
General Electric was teamed with Aerojet criteria.
Ordnance and Manufacturing Company (Aerojet
being the subcontractor) for ammunition FSD 2. Maintain Two Sources - Awards abova the
and production. In 1974, as a result of MSR insured two viable sources would he able
DSARC I, GE was tasked to develop a second to compete on an equal basis for future
ammunition source and thus provide the frame- awards.
work for a mobilization base and competitive
sources of supply. The premise used for the 3. Introduce and MaintainCompetit1i - The
dual sourcing was that the Government through element of price competition waq pre'sent
competition: (I) obtains fiscal year pro- throughout the award process.
duction quantities of ammunition; (2) main-
tains defense industrial capability and A post-award review of the FY77 procurement
capacity; and (3) procures ammunition at a process revealed areas in need of improvement
lower total cost. The second source developed for the future. These areas were identified
was Honeywell Inc. and through the joint A-10 as follows:
SF0, GE, Aerojer and Honeywell efforts, the
types of ammunition presented in Table 1 have 1. Minimize Proposal Points - "ihe six pro-
evolved. posal points were too numerous and made pro-

posal preparation and evaluation unduly
In 1976, A-10 SFO management decided to pro- tedious and complex.
cure FY77 requirements directly from the two
ammunition subcontractors. Both sub:on- 2. SpecifyInterpolation Method Between
tractors were progressing well and each had Points - The interpolation method for ammuni-
been awarded at least one production quantity tion prices for award quantittes between two
through GE. A Request for Proposal (RFP) was points was unspecified in the RFP. The only
issued directly to Aerojet and Honeywell pur- requirement was that each contractor iave an
suant to 10 II.S.C. 2304(a)(16), "Pur:hases in interpolation method. This open item in the
the Interest of National Defense or industrial award process could have impacted the prices
Mobilization". The RFP contained a Plinimum paid for ammunition.
Sustaining Rate (MSR) of production apecified
for cich contractor at 20% of the total pro- 3. Incentivize Every Potential Award Point -
curement. In other words, each contractor It was recognized that even though price con-
was to receive a minimum of 20% of the total petition was present there va little competi-
rounds procured for FY77. Above this minimum, tive pressure on the MSR and it was poten-
the offerors were asked to propose at bid tially to an offeror's advantage to makc, the
points of 16% intervals (i.e. 20/36/52/68/84/ MSR as unattractive as possible in comparison
100%) ol the total buy. The evaluation cri- to the other award points.
teria in the RFP contained two factors - cost
to the Government and support and planning for 4. CrApitaliZe On the Compjetit ve lEnvironnent-
mobilization requirements. The RFP also in- Price competition was present in ]PY,7 hut we
eluded the requirement for Cost and Pricing felt the competitive pressure was dampened to
Data and submission of a Certificate of some degree by the RFP structure in two basic
Current Cost or Pricing Data after determina- ways. First, proposal noints were treated
tlion of the total award split. Full field essentially as independent entities and the
analyses (DCAS Price Analyst/DCPA/Technical) offeror's decision as to price at one point
were accomplished and used in in-depth dis- (the minimum quantity for exa.mple) did not
cussions with each contractor. After con- necessarily influence hi, price decision at
clusion of discussions, a Best and Final Offer another. Secondly, 'he RFP as previously men-
(BAFO) was received from each offeror and the tioned contained subjective evaluation
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criteria for award and the offerors knew that where
price was tic, thle only determining factor. We AACB is the Average Adjusted Contrai tot Bid
tecognized that future buys would have to make ACB itis thle Adjusted Contractor Bid at
ptictng decisions Interrelated and that sub- 35%/50%65% respectively.
JeCtive criteria would have- to be eliminated
to gain true price cOmpetitLion. After anl AACB is calculated for each offetor,

thle A% between the two is calculated (Step 2))
as follows:

FISCAL YEAR 'ffY) 1978 DUAL COMPETITIVE AWARD
1 1II11ODOLIIGY (iICAM) Al% , llihetA ACB-Lw tALl4 100

Lowest AACB

As a reault. of Lte FY71 lessons learned, the This result is then applied (Step 3)) to Lte
FY/8 RFP was structured airound thle basic award ?.ecision matrix given in Table 2. Read-
premlise that awaids, to both, offerors would be Ing the table from left to right provides the
made -solely on Lte basis of ptice competition. vgward percent for each offeror given dfelta
As a restill no Cost oi Pricing D)ata was re- I-ercents from 0 to 12%. 1his matrix was
qutireJI aod Field evaluation of proposals was developed by exam~ng past ammunition data and
nor con, uttvi. The key, of course, to this projecting priceS. To essence, Cost !mprovo,-
chAnPge 'l le eS-ablihMent of a mechanism tient, Curves in a reasonable anticipated slope
that inst .1 ,tttIve prices3 ;t every range of 85% to 95% were "gamed"'li o';L, Cam-
posile award point. 'Ifle RFP established puter to examine the range ot reasonabl., ""or-
thie~ proposal points, to be used in Lte award age percentage diffetences, between two cont-
evaloiation and required that each of these pet ing firms. If this reabonable dii fcreni e
points he on a single cont inuous logarithmic exceeded 12%, thle RFP anticipated thle MitAN
total pi I ee curve. Each offeror was required approach would he abandoned and ini-deptht
to supply the equat ion anut plot fot thle curve negot tat ions would be conducted with
as pait of the proposal. This equation Was each (ontractot . The matrix essential]I. rc-
then used to bstablishb thle contract price for wards tile offeror who is tite most OmpetlI tve
any quanittv oft ammit ion puirchased at or with in the t easonable range or penalizess tiht
betweenI tilie point-. lit essence then, we had offerot who is less (ompet it i e.
Improved on our shortcomings in FY77. We had
decreased the number of proposal points and The total DCAM concept Imiproves evetv area ti
specififed the interpolation method to lie used concern identified as a rc'ult of the FY77 pio-
hetweetn pofits,. Proposa i pointt were no ciareMenL

lge r being t reated inodependient of one an-
other and pri e decisions made at one point t. rposal Points WeeMttie ,ix welt
by an of letor Influenced all other points. inc luded Ini FY77. -onlly four pint, were usedc
We now hadd to iiSiit0 thMEt mci ,nsed comipetitive Ini FY78. Three for the evaluation I i'WO/5,.

- oressor,. Was5 api IctIe to eachi point. Ille and a fourthl (75%) foi pot .-nt ' -. in ti~ ses iii
pintIL s tabil ishied for eva luat ion were 35%, qkliltiti em.
'07 ait(l 65% of thle t')tal buy. Tile Important
iact,,, here IS Lte minimum quatit ity to be 2. lflterpjqlo Mehd a ed - I lie
awarded toa earh ot (eroy Tue minimum quantity l ogarithimic equation was us-ed lot all prit
was, incit-ased from 20)% it) 35% of thu total so -along tile line.
as tot int lude and satisfy .111 of the subjective
triteria formerly Contaitned in the FY17 RFP 3. EveryAwatd9R Point Was centvisci - lit,

(mobi lizat ion plannitig, fltulre competitive DCAF treats% all points equw-ly fIn the eval on-
p,,stL-te, sorge capability, etc.). Once these tin and uses tile interdependence of prit i~ t
crit.'ii were Sat isfied, LriLL! tbecate th e oni!y all three points.
eva Justtiti factor sodtile h Dul Competitive

AwrdMe~iodluy(DCAM) evolvei. 4. The CompeiieEii~noa a sf
Better Advanta~ - Mitniiniim award quantt it.,

In essntce, IICAN involves: (1i) averaging the ain no lotiger be unntiessarilv "loended" wi li-
three liroposa i points aIfti &djust ing then mit in f Iueni I g tlei out. erie of tile eva iat loll
for compiet itive advantage alvernMetA Faci Ii- "Loald ing" penal1 1 7eS tit ofI fe -oi ', chances o IF
ties, 't atl-ltort-at ilin FactOrs. * (vertiment re'ci vi ug tile lax get ht,-e of tile awardf dcr-

Furnishedi Material,* etc.); (2) dot erminilng [ats-. AdIuisteti pri (l is Lte oniy thing coil-
the percentage difference between tie offerot'', sidete fIn the evaluat ion .)nd the degree ol
alverag'e adjusted prices,, and (3) applying thi; (ompetir ivetiess between tile prices offered
percetitapt' differvii C to t iwlird decision dict-Ates tile award quanti ty tot catl oic 1(rot.
mat rix to deterrilit, Lt(- percent award for eadi
offeror. Step (1) then use- Lte following
Dial Competitive Awaid roritila (DIAF). Ri 'CI I,,

AAtus - t'B - ACTI 50 ACB (
51) The FY78 DCAM reslit's were trolv drt oti, t 3"

awaurditig oti the baiiof pri~ e ,'ompvt Itili,__
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procurement cycle times were decreased dras- TABLE 1
tically. With the elimination of DCAA, DCAS
and Aeronautical Systems Division Pricing GAU-8/A 30MK AMMUNITION
involvement as well as factfinding and nego-
tiation, the procurement cycle was reduced
from 322 calendar days to 158 calendar days -

51% less time! This reduction i. time allows PRIMARY
us to better plan for our annual procu-ements TYPE USE
and concentrate on the requirements to be met
instead of the mechanics of award. The system Target Practice (TP) Training (Live
is continually being evaluated and we hope to Fire)
eventually reach a cycle time of less than 128
calendar days for the award of two complete High Explosive Incen- Fire Start
contracts totaling in excess of S1OO million! diary (HEI)
We are proud of this accomplishment, but the
real proof of the system is in the prices we Armor Piercing Incen- Tank Killer

g pay for our ammunition as compared to what we diary (API)
might have paid using other methods. Esti-
mates for FY78 savings alone point to a poten- Dummy Gun Cycling,

tial ammunition reduction of $17 million below Training
projected dollar amounts. This is a signifi-
cant reduction considering the FY78 buy was
less than $100 million. The savings were so TABLE 2
great, in fact, we were able to buy 115% of
our original requirement for less than the AWARD DECISION MATRIX
dollar projection for the 100% quantity. This
is an indication that we can indeed have dual
contract awards - with a guaranteed minimum
mobilization quantity - and still have price AWARD % AWARD 7
competition. A% LOWEST HIGHEST

___ AACB -- ACB....

POTENTIAL AREAS OF APPLICATION 0 thru .5 50% 50%
.5+ thru 2.5 55 41

2.5+ thru 3.5 56 44
The OCAM procedure was developed specifically 3.5+ thru 4.5 57 43
for the GAU-8/A 30mm ammunition program and 4.5+ thru 5.5 58 42
most likely cannot be used on other programs 5.5+ thru 6.5 59 41
prpcisely as presented here. For example, 6.5+ thru 7.5 60 40
minimum quantities would changf, the bid 7.5+ thru 8.5 61 39
points could be different, the award matrix 8.5+ thru 9.5 62 38
and parameters require individual analysis, 9.5+ thru 10.5 63 37
etc. depending on the situation. However, the 10.5+ thru 11.5 64 36
principles and concepts involved may prove 11.5+ thru 12 65 15
useful in other procurement situations GREATER THAN 12 TO BE NEGOTIATED
especially where dual sourcing and awards are
involved. Wi thin Government procurement, the
leader-follower concept may be able to use
some or all of the DCAH. Also, prime con-
tractors who dual source at subcontract level
may see some Ldvantages and benefits to DCAM.
Of course, other mobilization base programs
within the Cvvernment would be prime candi-
dates for DCAM applications. Future applica-
tions of DCAI or other improved procurement
techniques are only limited by the imagination
of those who develop them and the willingness
of others to accept and implement them. The
A-1O SPO. ASD and AFSC have the capacity and
management capability to do both.
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DUAL SOURCING IN MAJOR WEAPON SYSTEM ACQUISITION

Lieutenant Commander David V. Lamm
Naval Air Systems Comms.nd Headquarters

1. In some cases, there has

been no concerted effort to
INTRODUCTION obtain the needed technical

data package. The project
manager involved fears that

Dual sourcing, or second sourcing, in the ac- money will be wasted
quisitior of major weapon systems is not a new
concepc. In an attempt to introduce and main- 2. The cost of obtaining
tain competition in the acquisition process, a second source is a criti-
various methods have been proposed and uti- cal decision. In many cases,
lized. Over the years, the methods and tech- edequate planning, information
niques may change but the same problems con- on vol-ume, and cost data
tinu- to eyist. One of the methods which has are not available to make
been explor-e fo: introducing competition in that decision
the production phase has been second sourcing.
The acquisition literature lacks a uniform 3. Much of the technical
definition of second sourcing. For the pur- data prepared during ini-
poses of this article, however, second sourcing tial development is of
is attempted where the specifications have little worth. Contractor
been developed and a sole source producer design changes depreciate
(usually the developer and original source) is the value
currently producing the item. This would
exclude acyisltio:. actions involving: 1. Project offices exper-

ience difficulty in obtaining
parallel developments under research and maintaining control over
and development programs where two technical data packages.
contractors are usually concuriently Cases have been cited in
funded for prototype hardware devel- which the Government was
opment leading to a "fly-off" not certain of what data it

had and whether the data
obtaining an item from a new source was adequate for use by a
subsequent to a default termination second source

component breakout, involving the 5. Much of the data is not
decision as to whether components delivered in time to be of
should be purchase, by the Government use by the project office and
directly and furnishe1 to an end item is not of sufficient quality
contractor as Government Furnished for use by a second source
Material (commonly referred to as OFE)
or purchased by the contractor (CFE) 6. There is a question of data

ownership. Often the data
the tplitting of award under invita- needed are owned by the con-
tion for bids procedures usually re- tractor and he is reluct.%nt or
suiting from Small Business or Labor refuses to sell
Surplus Area set-asides as well as
evaluations of bids under IFB proce- 7. There is a problem of
dures leading to multiple awards transferring tecbnical data

from one contractor for use
Dual sourcing has not be % accomplished without by a second contractor be-
serious difficulties. One researcher identi- cause company processes
fied the following problems which surfaced differ (l:i2-l143)
during testimony before congressional com-
mittees over a period of several years:
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II learning quantity has been successfully tested.
The remainder of the current fiscal year buy

REASONS FOR DUAL SOURCING would then be awarded to the original source.

In subsequent annual procurements, the two
Dual sourcing is generally initiated as a re- sources are solicited for competing proposals
suit of two broad policies or concepts: com- on a step-ladder quantity basis. The Request

petition !nd mobilization production. In the for Proposals (RFP) will generally state that
case of the first concept, a second source is the Navy llends to award on the most econo-
sought in order to introduce competition on mical bosis for the Government. This will
both a price and technical basis into the sc- usually result in a larger quantity to the
quiaition process. The intent here is to original producer and a smaller qu&nity, con-
force the original source, as veil as thea sistent with minimum sustaining rate require-
second source, to become as efficient and as ments, to the second source.

low a cost producer as possible. Naturally the
element of cmpetition always puts a different In evaluating the quantities to be awarded
complexion on the procurement and it generates such factors as existing tooling and the cost
those market place factors so visibly lacking of adding tooling and test equipment for
in the sole-source environment. In this sit- higher levels of production are important.,
uation, the developer (the original source)
will participate in the competition with the It is obvious that in the production if a con-
award made to that responsible and responsive plex system, the second source will iot be L-
firm with the lowest price. mediately competitive with the original sourca

During the first few annual procurements,
The second major category of second sourcing therefore, it might be necessary to determine
is that involved for purposes of meeting the reasonableness of prices through cost
mobilization production capacity requirements. analysis - as opposed to price analysis - and
The Defense Acquisition Regulations (DAR) pro- to require submission of cost or pricing data.
vide general authority to develop and imple- If one or both contractors cannot be awarded
ment plans and programs to provide en indus- a definitive firm fixed-price contract on the
trial mobilization base which can meet pro- basis of price analysis, the usual procedure
duction requirements for essential military would be to issue a letter contract, to pro-
supplies and services and specifically acccm- tect the delivery schedule, and to immediately
modates the division of production requirements begin the definititation process. Letter
between two or more contractors to provide for contract conversion is planned to be accon-
such a base. In such a case, the Scretary plished within six months after award. Per-
must determine that the interest of industrial forming cost analysis provides the Government
mobilization, in case of national emergency, an opportunity to inspect the Contractor's
would be subserved by negotiation with a parti- etimting and costing systems which might not
culr supplier. otherise have occurred under a production

environment if a definitive firm fixed-price
It is important to note that the Government has contract had been awarded. Such analyses
no obligation to make the second source fully provides a besis for such decisions as
competitive, a mistaken idea that many con- learning curve spplications and perhaps fu-
tractors vehemently maintain. This is not to ture "buy out" or "winner take all" compet-
say that competition isn't an objective because ition,
one of the prime benefits from second sourcing
is major price reductions. The second source

can be made fully competitive only if the III
Government can substantiate large toolfng
investments above the minim:a sustainin rate, RE!QUI OWTS FOR DUAL SOURCING
e.g., large enough quantities over a sufficient
period of time. Some basic requirements exist which must be

satisfactorily met before embarking on any
Mobilization second sourcing is accomplished by second sourcing efforts.
a competition among a group of contractors well
established as producers of the items to be The first, and perhaps most important, require-
Rrocured. This competition specifically ex- ment ia an extremely goo technical dhta pack-
cludes the qriginal source (current producer) age. 2en with the most tried and tested
an the winner of the competition is usually specifications, new sources will have some
given a small initial learning quantity to in- technical difficulties as a result of dif-
sure the second source can produce a quality ferent production engineering approaches. It
prodct. This contract may include an option may very well happen that second sourced who
to procure foXlow-on quantities when the quote tight prices in competition will, sub-
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sequent to award, go over the specifications sources cannot be established and the ori-
with a sharp, bright light scrubbing the pack- ginal source is keenly aware of his compet-
age intensively in order to support deficiency itors.
claims. This is not to say that evz:v second
source contractor will submit claims gainst Fifth, sufficient administrative lead-time must
the Government, but the opportunity clearly exist to develop the second source without
exists. Whether or not the Government owns the .;eopardizing delivery schedule requirements.

data package is yet another consideration. If included in this lead-time are such efforts as
the ,Ievelcper ha propiietary data in the tech- (1) fir-t article qualification, (2) learning
nical data package, the cost of getting un- quantity award, (3) pre-award surveys, (4) cor.-
limited rights or reprocurement rights must be petitive range evaluations, (5) meaningful di5-
added to second sourcing costs. In most cussions, both written and oral, and (6) best
instances the developer is usually the current and final offers (when appropriate).
producer on a sole source basis althcugh he
may have won his sole source status through In summary, several requirements must be met
earlier competition. The item should be in in or!-- to initiate second sourcing efforts.
pro-ui.:tion in order to ensure the technical It is importan- to note also that only under
data i4-kare is adequate and most production an exception 16 (mobilization basel can the
problen. le',f- b.- - identified and resolved, original source be excluded from c--1 source

competition.
A second requirement is that large enough
quantities to make second sourcing worthwhile
for both Government and industry must exist. IV
Many hardware items require large initial pro-
duction start-up costs which contractors must BENEFITS OF SECOND SOUFCING
be able to amortize over future annuial buys.
The potential for large future quantities Several benefits result from successful second
might include a multi-year procurement package. sourcing, not the least of which is price
Not only must there be sufficiently large reductions. In sole source procurement, many
quantities but these quantities must exist over of the factors found in the competitive market
a period of several years. place are missing and must either be simulated

or safeguards against commercial abuses esta-
A third requirement is that in the case of blished. Second sourcing introduces the com-
sophisticated, complex systems, it is mandatory petitive environment, even though not always
that the Government have qualified technical completely, and forces contractors to sharpen
personnel to assist the second source, parti- their estimating pencils and scrutinize cost
cularly during the learning quantity or pilot efficiencies as a necessity rather than a
production phase. These qualified personne- luxury. Cost consciousness frequently spreads
have to know "how to assist" because in some to other programs in the contractor's plant and
instances there is a tendency to over-engineer is even forced down to subcontractor levels in
the problem or drag it out extensively. The order to remain competitive. Even beyond this,
original source (competitor) usually won't other major firms in a particuler industry,
help with problem areas he may have already e.g., missile manufacturers, observe how a
lea-ned to overcome. It is important that particular contractor is establishing operating
"take apart and study" models of production efficiencies which may stimulate similar ef-
hardware be available to the second source in forts in their plants as well as how they per-
order to facilitate his complete understanding celve their relative strength to compete in
of the finished product. existing future missile programs.

The fourth major requirement is that interested An improved techni:al data package and improved
sources exist to compete in second sourcing eluipment performance frequently results from
efforts. It may very well occur that problem second sourcing. A fresh new examination of
areas experienced by the e 'rent producer are the hardware 

1
y a second group of competent

of sufficient magnitude t discourage any engineers often results in technical improve-
interest in competing. Srre contractors have ments and better prchlm solving techniques.
adequate knowhow to compete but need to be Because the program Is now competitive ior
talked into redirecting their resources to becoming competive), the original source may
this new business. In some cases, it means shift his best talent to the second sourced
demonstrating to a potential contractor that program in order to become more efficient.
the risks of second source investments con Naturally the second source will want his most
potentially result in rather profitable bus- cae.tle people on the project in order to be-
iness. Second sourcing won't work if serious cone ccrpetitive as rapidly as possl'..
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Another benefit of jecond sourcing is the As an example, Contractor A developed a parti-
existence of two sources for the same item at cular navigation set and was awarded a FY 75
the same tine whch acts as a measuare of contract at a unit price of approximately
insurance against delivery delays due to such $25,000. The FT 76 procurement vas split be-
occurences as strikes, natural disasters, tveen Contractor A (unit price of $27,150) and
technical problems, and similar instances, the winner of a competition (Contractor B) at
Further, as one producer discovers a problem a dramatically lower unit price ($13,785).
with the technical data package or a method One could speculate that competitive forces
of improving production processes, this can be sharply reduced the unit prices both to Con-
incorporated (by change order) into the other tractor B in PT 76 and in TY 77 when Contractor
producer's item. B received the entire annual buy at a unit price

of $12,875.
Yet another benefit of second 

sourcing is the

orderly development and maintenance of an in- This navigation set is an example, however,
dustrial mobilization base. Mobilization where problems in second sourcing can occur.
asset requirements can be met while achieving Contractor B had technical difficulties in

competition at toe same time. Mobilization first article approval which were attributed
requirements are used as a basis for second by the contractor to the data package. It ap-
sourcing in the first place, but the two are pears that the drawing package was not in com-

self-reinforcing. plete agreement with the model. In the FY 78

requirement, steps were taken to highlight
Corollary to the mobilization benefit is the known problems. For example, a provision was
maintenance of a resource base for new ini- incorporated in the RFP notifying bidders that
tiatiYes in down-tream applications. This may wiring lists and test specifications in the
involve R&D studies for Government developed technical data package are inadequate for

applications or contractor developed prototype their intended use and that offerors should
hardware for concept testing and evaluation, take this into consideration in preparing their
Additionally, several second sourcing efforts proposals because no contract adjustment will
have involved small businesses such as fuze be made for the deficiencies noted. In another
antennas, safety and arming devices, and special notice regarding drawings, offerors
electronic assemblies. In such cases, small were advised that there is reason to belfeve
business objectives can be achieved while that defects may exist in certain drawings,
broadening the business base at the sane time. that other drawings not specified may also

have defects, that offerors are advised to

Vcarefully examine the data package, that any

V such defects are considered "patent defects"

as defined in the payent and latent defects
EXAMPLES clause, and finally that offerors should con-

sider these facts in preparing their proposals

(Toth cost and schedule lpacts) and any in-
NAVAIR procurements fall into the following creased effort associated with correcting de-
major categories: airframes and engines, mis- fective drawingse. These notices serve to warn

siles, avionics and sonobuoys. In terms of the bidders that known defects exist and should
weapon systems, missiles peculiarly lend them- be accommodated in proposal packages.
selves to second sourcing 1ecause it can be
anticipated that a large enough quantity will In another example, although a particular mis-
be procured thus making heavy contractor and sille rocket motor is not currently second
Government investments in initial start-up sourced, en analysis of tha feasibility and

costs profitable. At NAVAIR, our component desirability of second sourcing this item in
breakout policies permit us to second source FT 75 was inititated. When the original
both expensive and relatively inexpensive mis- source discovered the existence of second

sile components. Our major primes are the sourcing actions, it :omenced some significant
guidance and control section contractors. Other cost reduction measures. As a result, the FT

missile component primes include the warhead, 77 unit price wan less than one-half the unit
target detecting device, rocket motor, and wing price realized in FY 73/74. Some of this is
and fin producers. Lgrge quantities and mobil- due to learning and other operating efficien-
ization requirements also make sonobuoys extre- cies, but a significant percentage of the re-
mely attractivefor second sourcing. Almost 65% duction can be attributed to the "threat" of a
of NAVAIR's sonobuoys are currently second second source.
sourced.
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I

VI second source may be very crucial. Careful
evaluation to either continue or t.,rminate

LESSONS LEARNED second sourcing effort is essential, as is
true with any important procurement decision.

it is even more important to realize that se-
Several lessons have been learned from past cond sourcing has limited application in the
and on-going second sourcing efforts. The procurement of major systems and requires
first cardinal rule is to have as adequate a thoughtful reflection upon the objectives to
technical data package as possible. Second be achieved and the methodology for proceeding.
sourcing efforts may be advisable in all other
respects but until the data package can be
pronounced "completely adequate", serious con-
sideration should be given to the technical
probler. which could develop.

REFERENCES
Secondly, there must be a very thorough, com-
petent and impartial evaluation of the second ( John J. Bennett, "Department of Defense
source proposals. It is extremely important to Systems Acquisition Mane.gement: Con-
identif the overly optimistic cost and gressional Criticism and Concern",
schedul- urc'tner of competitors. unpublished doctoral disser'tat_n,

(The George Washington University,
Next, it is important to select the appropriate Washington, D.C., May 1974)
type of contract for the second sourcing effort.
The specific contract type depends upon the
peculiar facts of each individual procurement,

hovever, a cost-type contract is usually
appropriate for the "learning quantity" awarded
to the second source. Progressing frou a cost-
type learning award to a fully competitive firm
fixed-price contract depcnds upon a number of
factors including the contractor's ability to
come rapidly down the learning curve.

Fourth, it must be recognized that consider-

able professional demands will be placed on
program, technical and procurement personnel in
order to achieve a successful second sourcing
objective. New problems cont inual.1y arise
requiring creative and inno-ative solutions.
Care muit be taken to avoid compromisirg the
Governmcnt's position vbhile at the same time
co=plyir wIth the contractor's rights. Second
sourcing can frequently be a drain on Govern-
mernt manpower resources with no immediate pay-

off.

lt~stly, in some painfully obvious cases, sr.All,
low cost components with extremely tight toler-
ances may realize large percentage savings due
to second sourcing, but low unit savings have
not offset the added costs of late equipment
deliveries and technical problems demanding
Government attention.

In summary, the key vrt is caution and an un-
derstanding that the desired results may be
difficult to achieve. Experience has shown
that there may be several points in the process
where the decision to retain or eliminat" the
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NEW APPROACHES TO .4UITIPLF AWARDED CONTRACIING

John Battan, General Services Administration
Ronald Johnson, Research Trianqle Institute

ABSTRACT

This oaper presents a descriptive inalysis of
the ro e of multiple award c)ntractinq in fed-
eral procurement practice, Aid possible new
directions in is se. The largest (dollar
value) of three General Services Administration
supply proqrams, multiple award contractinq
throuqh the use of necotiated discounts with
multiple sources of supply of the same type of
product relies on commercial products rather
than unique qovernment specifications. Propo-
nents argue that it allows aqencies areater
variety of choice and brings new products into
the supply system faster than other methods.
Opponents argue that price discounts are not as
qood as those produced 5y competitive bids, that
ordering documents are confusinq and costly to
use, and there is no assurance of minimum qual-
ity standards.

Potential changes in multiple award contractinq
include simplifying basic orderinq documents
and introducinq quantitative and qualitative
product information such as life cycle costs.
Task forces in the (eneral Services Administra-
tion have been set up as a result of December.
1977, action of the Office of Federal Procure-
ment Policy in support of recommendations on
commercial products and rxultiple awards contract-
ing of the Commission on Government Procurement
(1972).
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-L.PADI) /FOLLOWER PROGRAM ACE (l 1 1 I KICTION SHAT

Charles L., Clark, AcronaurienI symtirns nivinion (AFP4C)

N'rJitiJcr Ir sN erve 05 u method of augment Ing the dati, or
serve an Its replacement.

Thei. Luu'Iler Compnny proc'ureme'nt techni Ique
h-' lbod in ASl'H S'ct ion 4, Nirt 7. has trnd i- PRELIMINARY CONSIDERATIOM4

roilv licmi, owd when thei quantity of sup-
plo0 icquIred mexeids the LJIpaOi ty (if na singlu

ft vin . Tfhe. teclniqi also mcnkii provision for Key factoro in considering the use of a lead-
ti to n rirrnimtotaiwits of siearce apec la tooling, er/follower program its the eject ion meat piro-

* iirtevnItig siellvery times, sand Lctahlinhiiog cutrimint were Its planned long product ion run,

aditional ,wurcuv fur noci reamons am geo- high front and costs, the a~vailabil1ity of
)rib I m I ditipernlon or broaden log oit the Inift ial comspet ition and the ability it) eval-

pl m-i' Ioln liiitiv lJ,mc, *:-.; tcbcniiu, the 11ulte Its Impacit during source uclect ion. The
01'mI'I o'1011' MlnfnCturer of an item (the High Technology Election Seat program find as

* Iim~t '~",'.mv2 frn~ithcq amissi5Lnio and know- one of Its primary objective.- ttndird izat ion

)how whic :. id followmer company to become of new fighter aircraft uscape mytito.i. TIim

*t -oomrc (i oWipplyv The pr#!ssing needs of concept of standat dizat ion would proc id' tnt
*natictil~ 2 I4rL('Ity, niucl as durilng wartime, and only significant logiir ica benefits anu i hllow

au determinat fn boy the l'eadvr company that hec larg~e quantity ourcins~ am Governmenft-
I ms nout J)oopard I zng hm I isatus am a muppi Icr Furnished E~quipment, but also a production
aJrm tie -m I I gro.d io un of: past o uccu'afuil1 rwi which ma~tched the comliied A-1 0, P-15 and
leider! ful towr procuremmenlts. There its no F-l6 programs. It was considered highly
record oif I te uise solely to providec for future desirable that such a lengthy production run

en~n', I I I'~.be uuhject to continuing competitive preu-
ourcs. To accomplishi this, oitad maintain

'IborV linvu htoci 'iumo revenoL variations of the standard ization, reprocurement of e-ject ion

fechnqmm d irecred toward competition by the seats identical to the selected di. sign would
U. S1. Army: one of which was the proofing of be neceasary. Ilowe-,er, givotr. th.'. considera-

*the clatm pac'kage toy a second source with amaia- Lione of high front end costs du; to man-rat-

tanc fro 1711.' rfg~al gopp~ .Thiswas ngrodusetond line profte ofrontplin

accomplitiied in hIgh volumte groatade launcher then prodcinlns otrty fotln
t~urhaa-owhee' ~om quS~ill f caaciy Wt; ighers a eciionto abandon the proven

presnt. he rmy fimiilcCommnd lso sessuppLier for another mourco- would he virru-
in ntlvaprogam . coponvc beakot wihally impossible to make. Tt wasa Il so obv I oon

;v~r'isanc conroito o nw suplirs ro-thisr motivating the selected contractor to
vtdc bytho. tnvgr~tfig HY~em conracor.part icie in a program designed to facti -

Latij fuuecmeiion would he a hturdle of
he rogam f lederfolowerproureentno small magnitude. In fac't, It wan only

bein ut~izedfor he AES I EjetionSentth.nigh th competitive forces at work in the
is ntewrthyfro 9eerlaspctsIt ep-I nit ial production competitiuon and "fne oft a

r4!mvnrtn in uiqute IntiiuIVe. to provide for structured leado-r/ follower program as a tioulru.

futore rompet it lo. ft further required a "elect ion factor that this unique conor pt
r,;imeuutn'Itof not Ivat ions, both government survived the "good itica" stage.

Antd ron tritior, us tito'y were perce ived to
opierarte wtth mi the frrmework of the authorizing
regulat~Ion. A competitive dilemma exists in IMPLEM~ENTING GUIDELINES

4prorurL'mcent. programs for sophisticated systems
and1 ,sihymftfijm. Despite the very real ptrog-

reoa 111de( in msintairiIng vcmpcti Lion In In oiddition to having available in a procure-
ilivviiprnmt, ufood vel LI, gh prototyping. eon- ment the factors disculssd above, cereain

*t iniied rumpetft ion n li, uct ion Is rarely gtuidelinoes were e.stablishedi whrh mi tudy alhows

*ac~hiervedm. VTe rout cauue of this cend ition it; would be guneral ly req4uiredi to Implement a1

lhe li 1gh r~nk of t raoits [inlg manufacturing vomptitlye leaden fo Ilower progrovm. The

*from one fIrm if) #1ncother on the basis of four raoo fierar ionm discussed In the foL.lowing

rcprom'urmement datit. A niumbcr of factors con- subparagraphlim were determined to hic basic

*triloite to the. genermul Ioii ity to success- groondrul en for 4 successful program.
fuilly us(- reproirureunent Jata in more sophist i-
cated equipment piirrhasen. These Include 1a. rite isnue of contractor proprietary
quality of the data1, Itn timelineso Is reln- rfphtu or any other legail bar to transferring

iminoitp to program lbudget decisions aind its manufacturinrupu'pohlit v hist? to fte nidressrd,
utility by another firm. Bly recogniz.ing thene IL makes no sense to etxpend in!'n'
dt'f iuienc; i, ther Lender C~mpmtny tecclniquc cmiii offort in .'mbnt-king an the p lAnti l , ot,

future compet ition without clear tile Luo) she'
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design. An assessment horing the source the leader. A source selection plan was re-
selection must be made c" restrictions placed quired as part of the production RFP and eval-
on design transfer. The necessity to procure uated during negotiations. This plan then
d component or even pay a reasonable royalty became a contractual requirement which the
"or a process to the Leader Company does not government could monitor. Control of the
ne.cessarily invalidate the program. Such source selection would be balanced against the
restrictions as well as risks accepted by the exercise of the contractor's judgment. Spe-
government for product liability must be cial care was taken to assure that government
weighed against the objective of future com- personnel acted only as monitorb durlag fol-
petition. In the ejection seat program, lower selection. Subcontract approval was
government sponsorship of the competing issued when it uas determiied that selection
designs and special attention in the Request was In acco-dance with the established plan.
for Proposal (RFP to legal rights provisions
rendered an accentable posture for the leader/ d. The above guidelines were worked out after
follower program structure. extensive study, Business Strategy Panel ses-

sions and consultation with the Staff Judgv-
b. A reasonable and thorough Statement of Advocate. The procurement team. was satisfied
Work (SOW) must be established for the that with a proper RFP. reullstJc SO and
follower company. Carefol consideration of cont:olled method of selec:ing tie Follower,
the effect that the assistance provided by a viable program could be 2melemented. There
the leader company will have on preproduction was, however, one glaring :1ole in th.s a~sess-
requirements is mandatory. If the role of ment The missing factor was a wethod of
the leader company in'preparing the second assuring actual implementation bY the Leader
source for production does not alleviate most once selected and awarded rhe cntrfaLt for
qualification costs, the economic benefits of seat production. Traditional positive and
future competition are greatly reduced. The t.agative performance Incentives e.e consid-
cost of the leader/follower program represents ered for application to ttis situation. All
"investment:' and must have clear potential of were discarded as ineffective. For a positive
being recovered. This recovery potential is incentive to work, it would have to offer a
dfrectly proportional to the minimizing of reward equal to loss of the firm's future sole
follower nonrecurring costs. By waking the source business. Sine this was .xactly wha.
leader resnonsible for quality control a ,o the government was attempting to attain
test management, the follower nonracurring through the leader/follower program, it made
zasrs were held tc $1.5 million. This was not no sense to offer it back as a performance
accomplished, however, vit!,but several itera- incentive. The most severe negative incentive
tions between management and the technical is Termination for Default. Having agreed to
community on a "mirxmal requirements" SOW. a leader/follower arrangement only through
This process fust be tempered with enough competitive pressures, it was reasoned that
confidenre in the second source s product that termination of the program even for Defaulr
the government's willingness to see him replace ,ould be welcc-rad by the Leader. Further,
the leader as the supply source is not hin- any negative uczion affecting seat production
dered. would be i hollow threat due to their need.

After exhausting the various combinations and
c. A critical guideline for leader/follower possiblliies of incentives between the
implementation is establishment of A follower extremes just described, other intangible
rource selection plan. The ASPR mandates motivatione were explored. Such considers-
subcontract approval in 4-712. To be effec- tions as ind.,stry reputation, unique program
tive, however, in the leader/follouer situa- participatio, and high level Air Force
tion designed for future comp tition, an management persuasion were teviewed and alno
expansion of this approval to c .o-Apass the discarded as not practicable. The procure-
entire soutce selection is necessary. This men., legal and policy team decided to go
is not a situation with a leader company in a back to the basic motivator of a free morket
full capacity market. The vested interests firm, profit. The final profit earned under
of the leader company are presumed to be a contract with a fixed price arrangement is
failure of the follower and must be recognized subject to many fpctors. Most of these
as such. The selection of the follower must factors are under the c-ntractor's control
he controlled by the government to assure once his bid is accepted ard the contract
that the best potential second source is awarded. One factor, contract financing, is
developed. .his can be done in several ways: assumed by the government and normally not in
(1) directed by the government based on knowa the firm's profit equation. So long as
capabilities; (2) selected by the leader acceptable performance is maintnined, prog-
under acceptable controls: or (3) otherwise ress payments are made. Their suspension is
selected by the governi;e..t through copetition. usually reserved for those situations where
Consideration was given to each of these performance has deteriorated to such a point
methods. The decision was uade to have the that liquidation is douuttul. Therefore, :he
follower selected by the leader so that respor- nremtise was posed that contract financing
sibility for perform-ance would be retained by could be utilized as a profit motivator.
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This would be done by ielating all progress CONCLUSJON

payients under tlhe contemplated $60 million
contract to a mileston- schedule of leader/
follower events. Tils pnemlse was accepted, Te ultimate s ss of the program remain it

and a spellal provision written for tie RFP be seen. Current visibility does allow, how-
which teffned tile riterrelationship of progress ever, the follo"I'a6 comments. file procedure-,
pavmtenrA and leader/followt-r milestones, for monitot irg tile follower source seletiol

worked well and accomplished the government',,
objectives, rhere is also evidence that tilt'

CO.,PRAcI INPI.ENENTATION incentive provision received management
,cu- nt ion and has been effective. And,
finally, tile subcontract price and program

Tie impleentation it the leader/followet pro- costs to date are well within tile estimated

,,am was accomplished as a priced contract tolerance band.
lne item described by a SOi and definitive

perfoiian.ce schedule, Included in the award Wi1le tile goal of future competition is a

was the in.,ctive provi.ion dud the contrac- desirable position, many factors must be c-

tir', soarce selection plan. Pricing of the sidered Lo r t'e a leader/follgwer program

line item posed a zeal challenge to both the realistic for such a purpose. The projected

contca,.tor and ,overnment negotiating teams. economic benefits must be wel;,)l-t, ainst the
Becau.,e tie 'ce-cri- sobcontractot would not costs, risks and practicality of Iit o lkgiam.

be selected until some nine months after award Further, there are such issues as tile Itt

of the prime contract, it was essentially of Engineering Change Proposals, timing and

priced "in the blina." Competition could be extent of future competition and aircraft

relied on to produce effective pricing on the program c'ianges which must be addressed. Ihe

ejection seats, but Its validity on the finql succes.; of this leader/follower test

leader/followet eftort toe5 in question. There case will be determined when tile judgment tan

waq conrern that an unrealistically low esti- be made that effective competition provideu

mate would force tile !aater to abandon the ejection seats of requisite quality, when
program durl',g nerfotrmance o: seek a price needed and at costs clearly recogniiable a s

1rt ease wht h would leopardize the Air Force advantageous.
cormlitment to tile program. An estimate based
on a detailed work brealdown structure of
tasks compared to actualc experienced oy the
competitors during their )wo development pro-
vided tile best insight on program costs. Once

an acceptable range of risk was established
for the subcontract, the contractors' own
estimating systems and competition were relied
on for the liaison, travel and technology

transfer effort to complete the line item cost
estLmate. The negotiated perfoimance schedule
also relied 'n the competitors' judgments to
e 'tabish a qualified second producer for tile
Fiscal Year 1980 procurement. This reliance
on tie - Ninagement provided v sibility of
Leader Companv planning and strepgthened tile
enforceability of the incentive provision.

Subsequent to award of the production contract
fot the ACES 11 Elecl on Seat, leader/follower

program activity commenced. Initial actions

conaisted of RFP preparation by Douglas
Aircraft, the selected Le'der Company, and its
zeview by a select gove' ent team. At times,
tue role reversal expr:', ced by Douglas per-
sonnel in soliciting their own product from

competitors was traumatic. lowever, a competi-
tive source selection, just as planned and
schediled, was completed. The sel.ction was
ratIfied by the government and In September

1977, the Weber Aircraft Company embarked on
its role as tile Follower contractor of ACES I1
Ejection Seats.
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OPTIMIZING TOMORROW'S SPARES PROCUREMENT THROUGH INCREASING AVAILABILITY OF TODAY'S AIRCRAFT
5

W. Steven Demmy
Depart,'nt of Administrative Sciences and Finance

Wright State University
Dayton, Ohio 45435

Russell M. Genet, Thomas ). Meitzler, and Capt. Ross E. Miles
Concepts and Analysis Directorate (AFALD/XRS)
Air Force Acquisition and Logistics Division

Wright Patterson AFB, Ohio 45433

ABSTRACT The second reason for the problem being size-

able is the large number of different equip-

This paper explores a fundamental cause of air- ment items and parts on these aircrail. The
craft non-availability. It shows that for cur- typical aircraft has about 2,000 wort unit
rent Air Force aircraft, a significant portion coded repairable izems; that is, items that
of the lack of supply availability is due to can be either replaced or repaired directly at
not sto' king items at the base level. Basic the aircraft location. In addition, there are
research on methods to alleviate this problem many additional parts used in base repair
in a cost-effective way is reported. It is shops.

shown, with specific, real world examples, how
these methods can be applied to current inven- The third reason for the size of the problem
tory aircraft. is that many of the items are quite expensive,

with most unit prices in the range of $100 to
$50,000.

I. INTRODUCTION

How does the Air Force meet this significant
The Air Force has a sizeable logistics struc- logistics problem? At present, "fast moving"
ture to support its many squadrons of aircraft. items are stocked at both base and depot
Two key objectives of this support are (a) to levels, while "slow moving" items are stocked

have spare parts and supplies where and when only at he depot. Under present policy, an
they are needed, and (b) to minimize the cost item is stocked at base level if there has

required to do this. As might be expected, been either (a) one demand for the item in the
there is a tradeoff between these two objec- last 180 days, or (b) two demands during the
tives. It would be frightfully expensive to last year. Otherwise, the item is not stocked
stock all parts at every base, so they would at the base. (An exception occurs when special
always be there when needed. On the other negotiated levels are established, but this is
hand, if parts were only stocked at central rare.)
depots -- a relatively low-cost strategy --
most aircraft would not be operational because How effective is the current policy? To answer
they would be awaiting parts to be shipped from this question, Capt. David Dawson recently
the central depot to the bases. Obviously the analyzed aircraft NORS (Not Operationally
best strategy is somewhere between these Ready -- Supply) downtime using data from the
extremes. D165B reporting system (see Reference I). lie

found that a significant percentage of report-
The problem is a sizeable one for three rea- ed downtime was due to items not being stocked
sons. First, military aircraft are so complex at the base.
that failures of one sort or another occur
quite often. Typical flight durations are from Figure 1 shows the results of Capt. Dawson's
2 Lo as much as 10 hours, and there are often analysis. As shown in the figuic, about 34%
one or more failures per flight. This results of B-52 supply downtime appears to be for
ii, surprisingly few mission aborts due to the items that are not stocked at base level.
considerable redundancy built into most air- Similarly, over half of the KC-135 supply
craft. On landing, however, the failed items downtime hours are associated with such slow-
must usually be repaired or replaced prior to moving -tems. For A-7D, FB-I1A, and F-l1
the next flight. This usually requires one or aircraft, about 33% of supply downtime hours
more spare parts to be available at the base or are associated with such items.

to be shipped from a central depot.
Capt. Dawson's analysis indicates that non-
stockage at the base level is a significant
contributor to aircraft supply downtime. The

*A portion of the research reported in this critical question is whether or not it is eco-
reportiwas ofund y the ar Feored Oi e os nomically desirable to reduce this downtime byreport was funded by the Air Force Office of stocking such low demand items at Lbe base.

Scientific Research under Grant 76-3011.
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Figuie 1: Percent Supply Downtime Due to B - BO (aI0
NOL Stocking Items at Base q'P

Aircraft PercentN 
QP

T~peDowntime This expression follows from the following
43 arguments: It all N aircraft are to he opeit."

K-53.
KC,557.2 t lanai, the total number of urni ts of component

j needed is N QPA .Recall that B i e
A-71) 34.7 lO~s~
FB-1llA 338notes the expected number of "holes in ait-

F-1 3. craft due to backorders of component jwhen sa
3

t
i~ ~is the base stock level. Hence, bi)1 (s )/

(N.QPAj) is Lte p~robability that a par~iculia
Specifically, Is the value of potential in- "hole" for item jIis empty due to a backorder
cr?ases in aircraft availability sufficient to on that item. Hence, one minus this value I,;
ltistifv additional base level inventories? ti e urobability that a given unit of componentL

J is not "u;otng the aircraft to be inoperaible.
Finally, since each aircraft contains QPAj

A..LG(ORI'THM D1WIILOPKENT units of componenit J, we mu_ za*e the pro b-
ability that each component j unii is opera-

In this Section, we present mathematical de- tional to the QPA power to determin- the 1 ,rob-

tails of a model to evaluate the potential ability that all 4~AJ un.its are operational

cost-ef fectiveness of stocking low-demand items cimnultaneously. Thlis gives us the above ex-

at base level. Section I11 then reports onl pressiofl for q J.
app] icatij)n of this model to locate specific
Air Force items With high benefit/cost ratios. Once the component avilabilities ja re known,
rurprisingly, the special case considered here we may determine (1, Lte probability that a ran-

eveli.ually leads to very simple beiiefit/cost domly seleted aircxadt is oipeILaional1. lh1is

formulas, even though we bepin with the very is given by
complex mathematical expressions required to
predict aircraft availability. Those readers K
not interested in the mathematical details Q " H
should preceed to Section III. J.1

The LMI1 NORS Model that is, the probability that a randomly se-
lected aircraft is operational equals the prob-

We used the Logistics M.nagement Institute's ability that none of iti. components is in
(1241) NORS (Not Operationally Ready -- Supply) backorder status. Finally, Lte expected num-

prediction model as a starting point for our ber o( operational aircraft in a1 fleet ot N
analysis. This model was developed by LMI as a aitcraft is Q-N. Hence, the expected nuimbei
means of relaring Lthe expected number of opera- of operation aircraft, HNOA, is given by

tional aircraft to alternate Air Force stocking/

policies. Proofs and other mathematical de- (JK K j
tails for this model are presented In Appendix 3 ENIOA ~ 1

of Reference 4.

The 1211 NORS model may be stated as follows: Without loss of generality, we may assume that
Let each Item I is numbered in order of inei easln ,

N Ottantty of aircraft In the system demand rates. llenceP, ENOA may be written as

or item, of the aircraft, J-1,2, .... K ENQA H H/ j N
where K Is th-' total number of Items (J+01 -~~ unit cost o component i hr j~~

QA the qubntity of component j on one low demand rates (e.g. Items with de',snd rar"i,
Soperational aircraft less than I demand In 180 ilayt;, or .0056 de-

g the quantity of spares for component mand/day). lThis expression may be fItr'hezz
i j tocked at a particular location simplified to ENiIA - Q L. . 'N, whr n i

BO( ieexpe" ted quantity of backorders dIncte the first and aecond produict terms,
ocomponent j when the stock level respectively, on the right-hand-side of the

frthis component is Thbv xreso.ne term QL denotes Lte

No e jdenote Lte probability that a ran- causing a "lhole" in a ra'idot: ,. - 'e'~red a.r-
dmyselected aircraft at a randomly determin- craft, while Q11 6imilarly ulenut, it.. probabil

edpItin time doet; not have any camp .nents i ty that a high demand rate item Ua not, (a-s

otpeImissing. Mthemaica!)ly, ing an aircraft to he inoperable.
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If no backorde:s ever occurred for low demand Annual Downtime Hours
items, the expected number of operational air- (6) ENOA Due to Supply/year
craft would be No - QH.N. Henze, QL measures j 8760 hours/year
the impact upon aircraft availability after
supply problems for high demand rate items If it is assumed that the value to the Air
have been accounted for. Combining the above Force of making one more aircraft available
relations, we obtain is the purchase cost (unit price) of that air-

1) - N L (s)QPAJ craft, then the benefit, BENFJ, is

0 QO No. H (7) BENF. - AENOA -UPs

if we restrict our attention to items with de- where UPs equals the unit price of aircraft
mand rates of no more than 2 units/365 days or type s and where AENOA was previously defined.
.0056 units/day, and base repair times are in
the order of 10 days or less, BO(sj) will be The investment, INVST, required to stock one
very snall (less than .056 units), even when item at each base is simply
no items are stocked at the base (si-0). Be-
cause of this, equation (1) may be 'reatly (8) INVST . UP .NBASES
simplified. Basically, when (1) is expan'ed S

to explicitly represent all terms, we observe Iwhere UPI equals tile unit price of equipment
that all quadratic and higher terms of BO(sA) item JaduASsi e
are negligible. Further simplifications are which a type i aircraft is stationed.
observed when we compute AENOAj, the marginal
change in the expected number of operational
aircraft if the base stock level for item j is
increased from zero to one unit. Details of BENF
this simplification process are presented in (9) BTIR j
Reference 2. The major result of this simpli- j INVST
fication process is that for low-demand Items,
AENOA is approximately given by

(2) AENOAJ - Tj.Q 
H  III. RESULTS

The algorithms described in the previous sec-
where X is the daily demand rate for item J, tion were programmed or a CYBER 6600 computer
T is te average repair/resupply time for and used to screen through the over 22,000
item J, and QH is the probability that a high equipment items in the LIST (Logistics Invest-
demard item is not causing an aircraft to be ment Screening Technique) data base. This data
unavailable. base was developed by personnel of PRAM Program

Office, Wright-Patterson AFB, "nd is described

A Benefit-to-Cost Ratio in detail in Reference 3.

The data base contains over 50 key logistics
Using parameters from the LIST data base parameters extracted from six different Air
(Reference ), Force data systems. The data base encompasses

Annual 31 inventory aircraft and over 120,000 work
Demands unit coded items. It is based on data for Octo-

j Year ber 1976 to September 1977. While data for sup-

port cost, manpowar, etc., which is work unit

Downtime Hours coded, is available on all 120,000 plus equip-
Due to Supply ment items, data on demand rates and unit

(4) Tj - Annual Demands prices is available cnly on those items with a

cross reference between work unit code and mas-
Hence, ter rtock number. At present, only 22,000 of

these items are cross-referenced. Although the
(5) AENOA T T.Q

8  
percentage of cross-referenced items is small,

i j J they account for over half of the equipment

Annual Downtime Hours failures.
: Demands . Due to Supply *QH

Year Annual Demands Of the 22,000 items cross-referenced in the

Downtime Hours data base, our analysis indicated that 159

Due to Supply .H items had a potential benefit-to-Investment

Year ratio greater than 25:1. A much larger number
of items occur at lower ratios. Also, a more
complete cross-reference would increase the

Also, since total base NORS rates are typical- numpero s-teheceed istreshold

ly 5% o. less, QH should be greater than .95. number of items which exceed this threshold.

Also, since there are 8760 hours per 
year,
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TABLE 1

ADDED SPARES STOCKING POLICY ALGORITRM

Master Annual Unit Benefit Item

Unit Stock Demand d N nd ORSC Price Benefit Investment Investment Manager
Aircraft Code I Noun Rate Per Base Hours EAqipmenS Dollars Doll-r Patio t99

7
071 A Door .0026 .715 835.1 1324. 285959. 10592. 27.00 OC BOX

KC135A I4AEO Panel Ay .0046 .300 1200. 707. 684932. 22624. 30.27 OC CTISF111A 45AAJ IPump Hland|.0229 |1.947 |Ill. 333. |139384. 667. 209.10 E

B0521D 41ACL. Valve .0157 1.005 200. 1 741. 235. 3705. 68.40 O T

A sample l i* tiS with an estimated return-on- We called the item managers on ,.ve, a dozen
investment ratio greater than 25:1 is shown. itei-. In many cases we found that t any

(Note: In these runs, QH was set to 1.0). po .... in time only a few of the bases were
Each equipment item is identified by the air- actually stocking the item, while most of the
craft type (MDS), equipment work unit code, bases were not. This would be expected for
and the master stock noun. items with an average demand per base near 2.0.

The supply downtimes (NORS hours) were, of
The demand rate per 100 equipment flying hours course, coming from bases not stocking the
a& reported in D-041 is shown next. Knowing item. This Indicates that our estimate for
the quantity per application (QPA), annual the cost of stocking items at the base level
fleet flying hours, and the number of bases, is somewhat conservative, since in a(tual

the average annual demands per base are calcu- practice, some of the bases would already
lated and displayed. Note that this is always stock the item.
less than 2.00. If the demands per base was

2.00 or greater, we assumed the item is stock- In several cases we found that the stocks on
ed at the base, and excluded the item from fur- hand at tihe depot were sufficient to allow
ther analysis. The NORSG hours (annual fleet stocking one at each base without any new pro-
grounding hours due to supply) is then shown, curement. In these cases the cost would mere-

followed by the unit cost for each item. ly be that of redistribution. "here was even
Finally, the benefit, investment, and benefit- a case where the depot stock wab oxcess and
to-investment ratio for each item are display- destroyed.
ed. These were calculated using the algorithms
presented in the previous section. On the other hand, we also found a caie of im-

proper identification and one discontinued
To Illustrate Qir results, consider the third Item. Wh1ile the initial sample check over the
item in Table 1. This line indicates that a telephone increased our confidence In the ana-
hand pump used on the F-ilA accounted for 111 lytic results, further validation is required
NORSG hours during the one year period covered before full confidence can be placed in the
by our data base. This item has a demand rate results.
of .0229 units per hundred flying hours, and

has an avetage base demand rate of 1.947 units Another potential problem now being explored is

per year. This item costs $333 per unit, and that our cost-benefit ratios are biased in that
an Investment of $667 would be required to only Items with reported NORSG hours were In-

stock one unit of this pump at the two user eluded in our Calculations. Hence, our eati-

bases. As shown in ti, -able, if each NORSC mates of NORS-related demand rates are biased

hour is priced out at ie equivalent cost per upwards. This bias is smallest for items :It

hour of a new aixcraft, a benefit-to-investment have a large vwnb.t of demands across all 'baser

ratio of 209 is implied. (say 10 or more), but still lcis than two de-
mands per base, and is largest for th very low

Since erroneous data can creep into the best of usage items. Fortunately, it arpears that most
data systems, our initial listing only shows of the attractive investment oppottunitles fall
potential candidates for additional investiga- in the higher demand rate categories. Neverthe-
tion. It is then necessary to confirm with tha less. despite the potential bias our tesults
item manager that an item is actually a good indicate that the formulas described ear lor

candidate. To speed this process the item are useful in Idenrtfvin.. good eandidaten f,
manager is identified by Air Logistics Center alternate stocking strategi[,

(ALC) and item manager code. With the ALC and
code, a phone number and name can be easily
locat d on f equently-updated item manager
assij, aent IlLts.
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IV. CONCLUSIONS AND RECOMMENDATIONS Referenceb

Our results indicate that the present Air 1. Dawson, David D., Improving Readiness: A

Force policy as to whether an item should be Cost-Effective Approach, unpublished Mao-
stocked at the base or not, may not be optimal ter's Thesis, Air Force Institute of Tech-

in some cases. This is not, of course, very nology, Wright-Patterson AFB, Ohio,

surprising, as the present policy is based January 1978.

primarily on demand rates ,..d does not usually

consider whether or not an item causes air- 2. Demmy, W. Steven and Ruse~ll M. Genet, On
craft downtime due to supply, the simount of the Benefit-to-Cost Ratio of Base-Level

downtime, or the cost to stock the item at the Stocking Decisions for Low Du.cand Items,"

base level. Working Paper 76-3011-19, Department of
A~ministrative Sciences and Finance,

In some cases it appears that for a relatively WrihtSate Unies an i

small investment, the more glaring discrepan- Wright State University, Dayton, Ohio

cies created by the present policy might be 
45435, 18 pp.

plugged. What is required next i& to take

specific cases uncovered by our analysis and 3. Genet, Russell M., Thomas D. Meitazler, and

examine them in detail to determine if the Capt. Gordon Spray, LogLstl,:s investment

benefits indicated in our analysis are realize- Screening Technique Applied to Increasing

able in the real world. We reco=end such an Aircraft Availabilitz for Offensive Air

evaluation. Support, Final Report, Aeronautical Sys-

tems Division (ASD/rR), Wright-Patterson

Finally, it appears that in the long term, it AFB, Ohio 45433, December 1977.

might be beneficial for the Air Force to re-

vise its policy for determining whether an 4. Measurements of Military Essentiality,

item should be stocked at the base or not.
In addition to item demand rates, a revised Report on Task 72-3, Logistics Management
policy should also consider the potential im-
pacts on aircraft availability and the econo-
mics involved in stocking the item. The model 5. Sherbrooke, C.C., METRIC: A Multi-Echelon

discussed in Section II provides a mathemati- Technique for Recoverable Item Control,

cal framework from which such a revised policy RM-5078-PR, Rand Corp., Santa Monica, CA,
might be developed. November 1966.
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THE W-OMBINED LOGISTICS SYSTEM MODEL: CONCEPT AND IDENTIFICATION PHASE

Major Robert F. Golden, USAF

The Department of Dtftrise presently has a f. Acrospace Ground Equipment (AGE) models
plethora of models available for analyzing g. Operations models.
logistics support decisions. In the Defense
Log:~tic~s Studies Information Lxchange 1978 the author's objective was to identify
Catalog of Logistics Models there are 130 those existing models which might describe
different models listed . .I These models the logistics life cycle.
can~ be group-d into several categories such as
life cycle co'st models, maintenance posture METHODOLOGY
models, inventory management models and so
on. Each of' the models was developed to deal To identify the existing models, current
with only one type of logistics problem. Hach literature consisting of technical reports
%a, developed independently to solve one and management :ournals of the Air Force and
p-oblen- in the overall life cycle of a weapons Department of Defense (DOD) were surveyed.
syslt em. 'he, io-lItsI are treated as separate The Defense Logistics Studies lormhtion
ent:ties, when in fact, they are specific Exchange developed a special biblio rgph/ of
segments of the overall life cycle which are DOD logistics systems models anid provided
often closely rclated, documents on the various models to the author

Additionally, the offices of primary responsi-
The Assistant Secretary of the Air Force bility for the various models in the Air Force

for Research, Development and Logistics has Logistics Command were contacted. As ai result,
sug~ested that it might be beneficial to four models which are in actual use within the
dete~rmine if the individual models could be Air Force were selected, which when taken
combined, and if a combined logistics model together include all the significant logistics
would give logistics managers more insight events set forth by Paulson and Waina: the

ffinto the, operation of the logistics system. ARLC Logistics Support Cost Model, the Optimuar
Repair Level Analysis w~th AGE model, the

1111 T~kr Logistics Composite model, and the MOII-MLTRIC
model.

Trhe task of producing a workable combined
logistics model is a formidable one which was The AFLC Logistics Support Cost Model
not attemipted by the author. A useful first
step is to identify ,.pecific vindels currently The Logistics Support Cost (L.SC) Model i'. a-_
in use witl'in the Air lorcc accounting life cycle cost model whi~i x used

to estimate the suppiort cost of a -pecific
The purpuse of the combined model as con- weapons system or eqluipment design. 1.51. i s

ceived by thle aithor is first of all to used for differentiating the logi~t tea support
describe the logistics; system as it is, rather costs of competing systems durin, source
than as it should bie. By being descriptive selectioni, and for evaluating design alter
rather tha-i normati~e, the model could be of natives during prototyptng or full aie
aore practical u,(! to logistics managers. develIopment.
Addtionally, the model should be designed to
be used at the system or program manager level. L.SC's major advantage is the depth of cost
D00D Instruction S000.1 clearly pilaces the detail which the model can use. Itc major
reipoi~sihil ity for achieving the objective, limitation is that the data is often tunwieldy
of the program on the program manager by because of the detail of inputs andl output;.'
maiig him responsible for managing the per- 3 the model is general in nature anid has
formance, cost and schedulp. 5 A combined becen used in most hew major Air Force weapons,
model might help the prop in manager to plan systems. Since the model has gel eral appi
logistics ,upport more i octively. cability it must hr tiulored for use on

speciric -eaplonNsy Sy."1.

Paulson and Waina have aa~alyzed the
logistics supnort process, and the %capons The Logistics Composite Model
system life cycle to identify key decisions
and elemenits. They chiaracterize the following The Logistic-, Composite Model (L-COM) is a1
typo% of model-, vs describing the significant computei simulation which analyze., the impalct
cost% iind log isticis evo'it inherent in ai ot s'e'.gsof support resources; on the
Systensq i~fe cycle 9 operaitional *tatus of a weapons sysc ae t V,

alr~1 1ae I COM u', -1ced to est umite
a. Li fe cycle cost mtodelIs. maint enanice m.niqlpower ", tee Air I orce"
h. Cost estimatinig relationship modlels. weapons systems. both iindet deveie~le -1.
c. x'rnintenanu e posture or level of repair in the iiiventorv 1I
mode ;
d ' are-. pol tiv mod'ls Fhe model sirlulat~e, an actuail bise
r. 'rseiel I m,.1 ' i ope rat ion with Iiupport rezouirci's and
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operational polici .s defined by the user. The contractors.I This accounting model i%
user specifies the maintenance t.ks. times, the way that the Air Force makes its repair
types of missions flown, mission length, etc., level decisions.
to define the scenario. 7 L-CGM is flex-
ible enough to meet the needs of diforent MOD-MItTRIC
situations. For example, it can process
spares on either an item-by-item cr a complete MOD-METRIC is a mathematical model for
subsystem basis. 7 managing recoverable spares in a multi-item,

multi-echelon. mult-indenture inventory
L-COM provides the needed link to relate system. 8 Unlike other management models.

support cost effectiveness and operational MOD-METRIC is more realistic in that it con-
readiness in an operational scenario. For siders the effects of backorders of hop
instance, L-COM will track the percentage of replaceable units (SRU) and line replaceable
missions requested which were accomplis,.ed, units (LRU). 2 A backordered SRU might only
in relation to logistics resources and levels delay repair of an LRU while a backordered
available. 7 The L-COM program output LRU can ground an aircraft.
includes various support and operaticial
effectiveness parameters for the simulated Input data for the MOD-METRIC computer
base operation. models ib required on the flying hour pro-

gram and each recoverable item. Such pars-
The user must input a large number of data meters as item unit cost, meain time between

elements to define maintenance tasks, opera- demands and depot repair time are used in the
cional parameters, and other specific activ- model. 2
ities, however this information produces use-
ful output information for determining main- The objective of the model is "to determine
tenance manpower requirements of a weapons spare stock level; at each echelon which
system. minimize total expected base backorders for

the assembly subject to a constraint on
Optimum Repair-Level Analysis investment in spares." II L.agrangian multi-

pliers apportion a budget among the SRUs ot a
The Optimum Repair-Level Analysis tORLA) particular LRU and the model optimizes the

model used in AFLC is a single-item, single- stock levels of multiple LRU's over the entire
indenture model which analyzes the main- inventory system subject to budgetary con-
tenance posture for a line replaceable ur.it straints. 2 This inventory management
(LRIJ) (1: 1-3) It is used to determine technique has been used in determining spare.-
whether a spare part should be repaired at levels for the F-15 aircraft.
the base, repaired at the depot, or discarded
at failure. ORLA assumes that cost consider- RLSULTS
ations are overriding in this maintenance
decision I The four models selected are in common use

in the Air Force and therefore represent
The user must define parameters which reality for the Air Force logistics system.

define the operational and maintenance con- They represent how the exibting system
cepts which will be used in the weapons sys- operates rather than how it should operate.
tem. Examples include number of squadrons,
operational ready rate, and number of aircratt To determine the synergistic effect of
at a base. 1 combining the models several steps must be

taken. The first is to investigate and define
Items are screened using an iterative pro- the relationships betueen the individual

cess which employs different screening rules models, and resolve an>' inconsistencies The
to compare the costs of different levels of next step should be to program the combined
repair. 1 (2-10) The computer model sub- model on the same computer. The program will
jects the final maintenance decision to a integrate the selected models into one inter-
sensitivity analysis. 10 active model. This will allow the user to

change parameters at any time during the
The problem of allocating costs of common program and would enable him to perform such

aerospace ground equipment (AGE) has been things as intermediate sensitivity analysis
addressed in the ORLA computer program, during the program.
"ORLA with AGE" written by AFLC's Warner-
Robins Air Logistics Center. Another limita- Finally, the combined model should be
tion of ORLA is that it only addresses the tested by using it for logistics planning for
repair decision at the LRU level and does not a new weapon system. This will enable plan-
prove useful for items at lower indentures. ners at the program or system managereent level

11 toobtain a long tei..i view of the system
logistics life cycle. The most practical

ORLA is uscd for making repair level way to assess whether the combined model
decisions on weapons systems by all Air Force increases the logisticians insight into the
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logistics proce,.s is to see what the model 8. Muckstadt, Major John A. "A .Model for
can do for personnel actually involved in the a Multi-Item, Multi-Echelon. Multi-
pirocess-. Actual results of the program can be Indenture Inventory System," Management
~oonpared with the model outputs throughout Science, Vol. 20, No. 4, (December
the variou-, uI'ases of' the system's. life cycle 1973.pp. 472-481.
to determine the validity of the combined
modelI. 9. Paulson, R.M. , R.D. Wamna, and L.I1. Zacls

Using Logistics Models in System Design
The combined logistics system model should an al upr lni g anta

be applicable to any type of weapons system Monica. California. Trhe RAND) Corpora-
ik or even to major systems within the weapons tion, February 1971.

,ystem. By rvraining general , the combined
mode! will ),, nore widely applicable and 10. USAF, Air Force Logistics Command.
ii-ofjl for Air F~orce logistics. persor-nel. Standardized 0ptimum Repair-Level

Anialy.swt G upr u ay
Referen~ces Warner-Rob ins AFBI, Georgia: Warner-

Robin-, lir Logistics Center, %larch
&I An, Force Logistics Command/Air Force 1975.

't rv(Xtiand Manua 1 800-4.
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SPARES ACQUISITION INTEGRATED WiTH PRODUCTION

RALPH W. FOUNTAIN, WARNER ROBINS AIR LOGISTICS CENTER
P-15 ACQUISITION DIVISION

The Air Force's acquisition of the F-15 (1) Fiscal economics, by procu ing spares
Fighter Aircraft incorporated many innovations concurrent with aircraft production releases,
to improve the logistics posture at a lower
cost. One of these was the manner which both (2) No impacts on current Air Force computer

initial and replenishment (follow-on) spares
were procured. This new process has since
been formalized in Air Force Regulation 800-26, (3) Minimize impact on contractor internal

entitled, Spares Acquisition Integrated with procedures, and
Production (SAIP). SAIP is, in essence, a

procedure to decrease spares acquisition cost (4) Retain configuration control and proration
through concurrent ordering, production, ship- of assets.

ment and pricing of production line installs

and spares. To achieve these goals, a contract mtst be

written having specifiid parameters. These
In 1973, aircraft production line cost for an are:
item was compared to the cost for a spare and

the significant lower cost for the production (1) The prime manufacturer nust submit a

line item caused an intensive research program production line sub-system Purchase Order

within the F-15 System Manager Division at release schedule,

Warner Robins Air Logistics Center to begin.

The finding was the cost differential basically (2) Proration of assets, when coniiguration
occurred because the spares were bought out of changes occur,
synchronization with the producLion line

requirements. This caused additional produc- (3) Configuration control,

tion line set up and tear down charges and
higher piece part prices for the spares (4) No early deliverieb, and
fabrication. If the orders for the production
line and the spares could be consolidated and (5) Unit price integrity
released by the Prime as a single order, the

cost differential would, for practical purposes The Government, on its part, must also agree to

be eliminated. An example of one sub-system certain restraints. These are:
is reflected below.

(1) Once the basic order is released, the

CASE 1 CASE 2 quantities are inviolate,

(2) Any increases will be treated as a
SPARES SPARES separate "stand alone" order and not part of

PROCURED ORDERED the basic SAIP procurement,
CONCURREWT AT VARIOUS
WITH FY TIMES DURING (3) There will be no decreases, instead, these

PRODUCTION THE PROD YR overages will be applied to downstream require-
ments, and

FISCAL YEAR 1977 1977
NR OF ITEMS 32 32 (4) The only exception to (3) above is where

NR OF PIECES 303 303 an item is deleted and not replaced or super-

TOTAL VALUE $1,839,198 $2,381,573 seded. In this case, the Government will

AVG COST/PART $6,071 $7,860 accept termination charges up to date of

approval of change, deleting the item.

SUMMARY

These features are new in moot instances to

CASE 2 COSTS ARE 129% OF CASE 1 COSTS Government-type contracts, but there are

advantages to be realized by both Government
and Industry. Implementation of this tech-

The System Manager, working in concert with nique on the F-15 Aircraft has both fiscal and

the McDonnell Aircraft Corporaticn, evolved logistics advantages to the Air Force.

the precedure currently in use for spares Logistics requirements are produced concurrent-

acquisition for the F-15 Aircraft. ly with the installs. There is a simultaneous
"cut-in" design change that results in produc-

There are four specific goals to be achieved; tion of properly configured spares. This

timely proration reduces retrofit costs.
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Theze is LCrtainly an avoidance of production These Contract Awards averaged 25 days f1,-
!'n1 "Set %,p" and "tear down" charges utb date of receipt of tie Purchase Requei;t
concurrent production of installs and spares. award of Letter Contract. With this typo or
B> procrrinc through the Prime, design changes docunent, 100% obligations and lengthy dfiin
,ire do,'umented to aircraft serial number, not tization of schedules caused the Air Force te
vendot unit serial number; "spares support" authorize the Warner Robins Air Logistics
becomes a more viable criteria for determining Center to prep,,:e a secialized Basie Order-
the point (' det.i:,1: change incorporation. Ti, e lag Agreement for SAIP procurements. It
t,,oernanent rt',,Ives the benefit of volume contains provisiots for:
pr' 'ng by the ,,mbining of the spare and
7roJe tion I ne order. Under the unit price (1) Priced Orders
.. ,t ttr itv clause.,; ot the contract, the unit
cost, ouce estatilished, is only subject to re- (2) Unpriced Orders
aegot!.it ion winn conf igurat ion/design changes
atfect all Itt- to the extent that it bears 43) Unlimited delegation of authority to
l' tit- or n( re-t-mblan(e to the Item ordered. ,-A

r 't'oriander to approve priced and un-
priced SAP 0. d,'rs

Ne pi,,I' ,.uifac-turer erjoyb advantages, also.

C.ombtn - ..,,l- -in- lin.. and spares procure- (4) liq AFLC after the fact rev.,v
treats, t.,, - ,;ai_-de of the order drives the
produ¢ th~'r ! je i-tl cost downr and he gains (5) Only WR-ALC can issue SAIP Orders
tit. eat nings , i a I ! the .pares orders. Last,
he vendor aonitvv, advaat.lges such as one (6) Multiple pricing nthods. FPIW is

annual order for spares, rather than piece- primary with FPIF and FFP as options, and
neal order- thrnigbout the year. lie can
collectivei- older piece parts for pricing (7) All the parameters of a SAIl' contract
d,1jvantag- mtd the ;cheduling for manufactur- previously discussed.

i * thi procedure wortThis BOA gives the F-15 Program the responsi, -4how does ttis SAIP' procedure worl in actuality? ness and obligation rate desired.
This is how It was and is applied to the F-15
Aircraft at Warner Robin, Air Logistics Center, This SAIP approach has proven to be a most
Robinq AFS, fleorgia. expeditious and economical technique for the

acquisition of spares. It can he equally
The F-1i System Manager, utilizing its data applicable to both tie Initial an! Repieu.,I.-
base, t;,olated those sub-systems where most of ment area of spares procurements. The F-11
the dollars iad been spent. NIlineten sub- Program has realized the follw' 'o't

systert; accounted for sor-e eighty-five percent reductions:
of cht, spare, budget. The derermination wa.
m,de that SAIP procedures would be applied to $ O - 1974
theqe systems ar tt- Lt1t/SRU indenture level $27.0:1 - 1975
only. $39.0M - 1976

$31.OM - 1977

'icDonr Aircra!t Corporation (McAir) submits $35.OM - 1978 (Estimated)
,hetti arn-ul i i'urchase Order Release Schedule
to :he System Manager, 180 days prior to their Within the Air Force, the A-1O and F-16
first P.O. releie. The System .uinager, Aircraft are utilizing the SAIP techniu.'e anl
at tn; .'i ., fo, J olnt, submits to the Item the Navy is considering it for (he F-19.
Y.'uaors. at each% o! the five L.ogiatics Centers
lra;tings of those Item- which are to be
procured und,'r the SAIP technique. They, in
turn, send the prrccurement requirements for
'hese items to the Syste- Manager. The
Purchase Request is tho ?repared and sent to
Procurement for Contr ct Award. The Due-Tn
Asset System is energized and all configura-
tion management of these items is maintained
y the System Manager.

Usually, this Purchase Requet is released to
coincide with the latest requirements computa-
tional cycle to ensure the most current pro-
curemeut requirement Is released to production.
To date, this timeframe has caused Procurement

to award Letter Contracts to meet deadlines of
Purchae Order release" by McAir.
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PROJECT METEOR: MOTIVATING EVEPYONE TO ENHANCE OPERATIONAL RELIABIL[TY!IIAi:TAINAIL.IT%

Lt. Col. Thomas G. Farrell, United States Air Force
Edwar, T. T!ir.prlake, The Analytic Sciences Corporation

INTRODUCTIOn The role which can ba plaved by an independent
agent who can provide objective analyres and
support will be outlined. Finally, recommen-

This paper describes a project that is being dations are made regarding the application of

sponsored by the Air Force PRAIM Program Office these techniques to future programs.

in conjunction with the Aeronautical Systems
Division (ASD) office responsible for providing
program control support to the Deputy for Aero- OVERVIEW

nautical Equipment (ASD/AE). The paper will
discuss the macroeconomic trends and DoD direc-
tives that provide the impetus for the initi3- A Need Exists to Reduce O&S Costs: During the

tion of a jointly developed program between the last decade Doo has becoae acutly aware of ,,e

Air Force and The Analytic Sciences C)rporation challenge to imultaneously: reduce .jnIL

(TASC). The developed system is a microecono- quisition and 06S costs, in,.oase read a s. in;

mic management structure that provides a meth- achieve acceptable :ilitary perform.in.c. !h(

odology that has as it's fundarental goal extent of this challenge is ill'istra.ed in Fig-

Motivat~ng Everyone to Enhance Operational tre 1. Both the Five Year I)efenqe lin and Ex-

Reliability/Maintainability of procured systems. tended Planning Annex forecast sign~fi.,nt to-

(Project METEOR). ductions in the ratio of OSS costs as a lercet
of the total DoD Budget. However, to reverse

-ne principal elements of Project METEOR ir.- the historical trend strong corrective action

elude the use of a Life-Cycle Cost concept for is required. [3)

selecting production contractors, innovative
techniques for testing equipment under simula- toW.PANE

ted operational conditions, and n. organized
approach to acquiring and evaluating data from
program test elements that can be used to help ..-
determine projected Life-Cycle Costs for equip-
ment. All of these techniques are used to sup- 2
port the application of contractual incentive f ( v
features such as the Reliability Improvement ~ U*-
Warranty (RIW). The paper will discuss each -

of these elements of the project and will pro- 
3  A'2'' K"

vide an explanation of detailed case studies , ...

where the project elements have been applied. ap I Xs

The case studies to be covered in the paper
will include the acquisition of an airborne .

navigation system referred to as OMEGA, pro- -=.=.. 7-(. .*
.urement of a standard VHF AW/FM radio for Air . . a a n V X X a X s a a a

Force use, and certain aspects of the current

Standard or Common Strategic Doppler (CSD) Figure I O&S as a Percent of Total UoD !udget
acquisition program. Although the elements
used in all three cases are similar, there are A primary cost driver In the historical rise in
particular differences in terms of the types the ratio has been increasing manpower costs as-
of procurement techniques used in each program. sociated with the less than desired reliability
These differences will be highlighted in the and maintainability characteristics of opera-
context of the decision criteria and specific tional weapon systems and equipment. 7herefore,
procedures associated with the various cost considerable emphasis on reducing costs by im-

control or incentive schemes. The emphasis proving operational equipment reliability and
will be on the construction of the procurement maintainability is needed. Certain provisions
package with specific discussion centered in DoD Directive 5000.28 "Design to Cost" were
around the incentivizing techniques that were designed to provide this emphasis. (2] The pro-
applied, visions of 5000.28 c interest in this regard are

those tnat delinea',a the responsibilit of de-
The motivational techniques which will be dis- cision makers at a.l levels in the acquisition
cussed include the Reliability Improvement co=-unity to sh.rp-n :heir prograz management
Warranty (RIW) and organic repair concepts tools for analy;lr.g and controlling life-cycle
using an MTBF Verification Test (HTBF/VT) con- costs. This paper illustrates practical exam-
cept. The decisions leading up to source se- pies of the employment of DoD 5000.:8 principles
lection will be discussed in terms of the use in equipment acquisition activities. it -ust
of life-cycle cost estimating schemes and be noted that life-cycle cost analysis is o,,y
specific procedures associated with the various a part of the total cost control environment.

S procurement concepts. The use of other techniques and principles to

motivate equipment manufacturers to reduce OS
costs are also important.
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til i ollowing basic principles are typical of tht incorporats a spectrum uf mutivario .- 1
th ttc being applied at ASD/AE to provide the decision techniques Including a co)mputerl
1,.aic mot tvation to produce modern equipment lCC model.
xwhi, 8a!Ls tes requirements to optimize
I1 .,vc Iv eost characteristics: (71 It should be mentioned here that fundipg t)r

the OPlAI MTEOR development work is being
0 Design-to-cost provided through the PRAM program office. Thi,

office has been crested within the Air Force I
0 Syatem life-cycle cost, projections provide a source of funding nnd direction for

und rontrols efforts designed to reduce out-year costs.
Thu project is being managed jointly as a

0 Competitive procurement through PRAM/ASD venture and Is a prime example of
Lhe pre-production and production how up-front funding can be applied to w:ive
phases significant costs in the future.

9 Improved estimation of program costs
and their use in source selection, METEOR CONCEPT
budgeting, etc.

.. ,.,,nU, rdization Methoco gy - The methodological, insiderations
are:

a Fu, -in"-. system specification
* To appl, consistent LCC estimat-

Re .ab 'ty Improvement Warranties ing groun,' rules
.,nd LCC (.. ranLees • Motivate D~slgn efforts to reduce

LCC
* oesign for enha.--d reliability e Test/Ine'.pendent Assessment of

and maintainability R/'. urowth
0 ".se procurement techniques to

One of ASD/AE's qolutlons: OPLAN METEOR - In le promote LCC reductions
past. equipment has entered the Air Force opera
tional inventory with unacceptable initial re- An J crinsic element in the methodology is thc,
Iiability. Historically the initial operational LC' Model. [61 However, the methodology in
reliabtliLy of avionics .quipmont has been only ..r more inclusive than just applying a rom-
10% of the specified reliability. This indica- puterized decision tool such as LCCA. Connid-
ted a need for changes to the business strategy erations relevant to design flexibility, system
whLch had been employed in the past within subsystem performance characteristics, repair
avionics acquisirion programs. [3] level analysis, and manpower st.tffing require-

ments are also included. The level of appli-
The Joint-nei gn-to-Cost-Guide [1:31 defines an cability can be expanded and contracted as
acquisition region as a range of acceptable solu- needed. Since the concept has been used on

tions. This range is constrained between cer- several programs, the specific procedures are
talc minimum essential performance parameters also capable of standing the test of historical
which must be obtained for the system to be mis- validation. This will be shown in the next
nion capable, and certain cost ceilings which must section when specific case studies are dis L

not be exceeded for the system to be affordable cussed.
in the quantities tequired. It Is visualized
as fol-rows: The application of the methodology, even in a

l Cost Cemili7anpower austre environment at ASD/AZ, has had
considerable success. The ASD/AE program marsage-
ment philosophy places full accountability on

Range of Acceptable Solutions the Program Manager for all aspects of the Pro-
___. gram. Part of the success of the concept is re-

lated to the fact that it has helped Program
.[Perfio .,,ce =Manager's coordinate engineering/design reii,,re-

ments with logistics/cost considerations. This
has been done in a way that allows design en-

Therefore, it follows that a procurement manage- gineers and financial analysts to cosisunicate
ment system that incorporates the previously with each other about the unique influences that
mentioned macro considerations shovld prov.I.de affect cost. A lexicon and an organized npproach
the decision maker with the ability to intelli- is provided which both contribute to a common
gently optimize a solution in the acceptable understanding of LCC goals. Various signifi-
region. Essentially, METEOR provides the pro- cant spin-off benefits have been noticed from
gram manager, engineers, logisticians, and fi- the previo,n tipplicna tons. The imst siRnflcant
Hancial] analysts with a coordinated approach to is the introduction of I.CC coi(;%,,. ns at the
obtaining such an optimum solution. An import- workJng level within ASPAR, thus ernstin), a
ant is'ue with respect to OPLAN ?TEOR IF that
it is ,n augmentative'management methodolo,y
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cadre of analysts and enleeers that thinks in . Modify program inpuLs
terms of life-cycle costs as well as satltsizc- & Request specific output reports
tion of technical requirements. What has 0 Conduct sensitivity analysis.
evolved is an organizational memory bank that
promotes the use of tested cnncepts in subse- A nice feature of LCCA in addition to the LCC
qucnt equipment acluisition efforts , model is the Cost-Exec interface. The Cost-

Exec interface provides a flexible, efficient
Model - The foundation of any life-cycle cost and convenient user interface to:
program is an estimate of total program costs
which can be used to identify the major cost . Simplify data entry and program
drivers. Total costs are estimated so that execution
the relative weighting between cost elements d Allow creation of multiple runs
is understood. This relative weighting can with a minimum of input Instrue-
then be used for tradeoff analysis to determine tion
the lowest overall program cost alternatives. 0 Accomplish tradeoff, sensitivity

and risk analysis with a single
Early clarification of assumptions onderlying set of input commends.
the elements of cost is an important step to
take in the estimatJng process. This is en- The total LCCA system provides the analyst o
hanced through application of a life-cycle design engineer with the capabity to:
cost model. For most programs the detail nec-
essary to support cost estimating activities * Identify t'ie major cost drivers
can be handled most efficiently if the cost during the system's life cv, le
model is computerized. A computerized model 0 Investigate the CensltiVty of
also helps clarify the definitions of all terms !i fe-cycle cost to uncertain
and input factors. If the cost model is well parameters (MTBF, repair cycle
designed, the engineering data inputs can be times, etc.)
designated early in order to promote understand- * Estimate manpower requirements
ing of the basic asiumptions underlying the for logistic support
cost estimates. . Determine spares required to meet

specified system availability
A computerized model also makes it easier to objectives
keep up with design and program changes as * Define test equipment quantities
they occur. Program LCCA, the system developed at all levels of maintenance and
for ,METEOR and illustrated conceptually in Fig- repair
ure 2, is written in Fortran IV for Operation * Compare the economics of aiterna-
from remote terminals using telephone access to tive maintenance support concepts
the General Electric Mark III Time Sharing Sys- including Reliability Improvemenr
tem. Convenience of operation, file security Warranty (RIW).
to protect sensitive data and input-output
flexibility are emphasized in Program LCCA. The actual life-cycle cost model configuration

will vary according to the system applicarion.LCAUlfIl$ LOCA PROGRA M MODULES USER SPECIFIED OUTPUT
Provisions have been made to provide firm con-
figuration control of each variation of the

r rodel so that the government maintains control
over the relationships used in the ICC calcu-
lations. However, there are certain basic oun-o.. DATA siderations that must be noted. The fund,11e'ltal

I entity in the LCC Model is the System under In-
vestigation. The system is a self contained.

co,,ttc o ciated software whose purpose is to perform

[ specified functions. Associated with the sys-
tem and its application are three basic con-

.t .siderations which form the foundation of thq
life-cycle cost model. They are the system:

Figuie 2 Overview of the LCCA System * Hardware Configuration
* Operations and Logistics Scenario
* Life Cycle.

Once a baseline set of input files has been
established, the effect of changes to any of Hardware Configuration - This is defined, In
the input parameters can be readily investigated the LCC model to more than one level of iden-
through the user interface structure provided ture (subordination) below the systen level.
for this purpose.

Operations and Logistics Scenario - This Is in-
Using the baseline files, the analyst can clusive of three echelons of repair, the flight

line, base or intermediate, and the depot
(Government or contractor).
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Lite Cycle - rhis is a collection of signifi- receiver on C-130 aircraft. So far the progi iro
Tot events and time dependent parameters has met performance, and production schedule
,. nociated with the system's acquisition, goals, and use of a highly innovative procure-

op.rti-i anl bupport process. The interac- r.ent process resulted in greatly reduced costs.

ti,,a of the system life cycle with the other The key factor in the Omega 2041 program was th.

two basic considerations determlnes the time application of cost reduction principles, later

n lervals in which the different elements of incorporated In the METEOR concept, early in the

co,t are nucred and the magnitude of these acquisition cycle. Appropriate parameters were
Asts aea factn of time, developed, test procedures were designed, en-

gineering data was collected, software evalua-

everal of the life-cycle cost computations tion was performed and a LCC model was used to

dupen, on logical relationships established make key procurement decisions. The participants

by input parameters that define the support in the OMEGA Program consisted of an Air Force
ocept for thle system. The computation most Program Manager, Air Force support elements

.. ghllt Cantly affeted ar the base and depot including engineering (AaD/EN) and procurement

rtpalr costs, the determination of support -. oporr and an independent engineering firm.
a-V :pm, urt requirements, and thle initial This oa2,,a1 od approach proven to be extremely

Z,; Ires deterination. Other computational effective in motivating the particirating con-

areas of ,raetff-nce are the calculation of tractors to produce relatvly low ',!fe-cycle

l ce-cyIc , ltin hei a warranty is used and, cost equipment which has also plov,. t, be ef--

for nuclear hartdened equipment, the influence fective in operational use.

which hardness assurance tequirements have on
otThe relatively short time betwee completion

suport ostsof testing activities and the ptoduction award

Other Mi'ihOk Elements - The life-cycle cost required an innovative approach to technical

model is only part of the concept. In Figure dat-t management. An Engineering Data Base was

the other elements are shown including the created, that consisted of computerized files

role, tax iidepeaadent agent, plays. An independ- of performance, reliability and operations data.

ei, .,gent not iv,.nived In the procurement con- All critical program data was organized and made

pet .tion can be used to develop and maintain available for use by the source selection team
a lata base of lnformat-on which includes con- in time to support the selection process. Manu-
I data of stoatanawhichoinclud t facturer supplied reliability and r,liability
free all otential sources. As tests are arowth parameters could be validated using the
farted out information is added to the data data base. The success of this constant feed-

",aaa, lhe data base is used to assess telis- back between manufacturers and the Air Force in
databaseis ued rliathe reliability assessment process contributed

bilLty and determine life-cycle cost parameters to a protest-free award of the production contract.

a- well as to analyze performance. As equip-

rent is being developed, the data is used with
.um LCC model to evaluate each cOmpettor's work A comprehensive technical evaluation of the soft-

thoe l rogram uds Caccomptitor a o- ware design of each production contractor wasas! tilt program unfolds. Contractors are con- as efre.Ti a oeI uhawya

, inoallV enaounaged to do all they can to mini- also performied. This was done in such a way as
mize lifc-(ycle costs. METEOR also includes to protect each contractor's proprietary inter-

lhe use of innovative test techniques. A Coin- ests while stll, identifying potential problem

bloond Envirnmental Reliability Testing (CERT) areas so that corrections could be included I,:

chamber was used on OMEGA program 2041 and is the production design proposals. In addition,

being introduced now within other equipment the combined procurement team constructed the

prcurement programs. In addition, new incen- RIW agreement, solicited contrator feedback and

tiyta stctures are being ippliei as an option then integrated these requiremtents with the
tin.strctues ae b~nglite-cycle cost procurement approach.

to the RI'4. The one used on the VHiF radio Is
,aiied at n.I'.~ Vtrification est (TBF/VT). The comprehensive omputrized LCC model was

These and other features will lie discussed in used by tie Air Force in - ircc selection. The

more depth in the specific case studies. It usel wy als ade i for s eting
-Cshould also be noted here hat the MIETEOR Pro- model was also made availablL for competine

contractor. use on a time-share facility (GE
Je,-t fia, al primary objt. Lve the requirement to Mk I1) so that all problems associated with
pioduce a set of appli at on guidelines that cost c:alculations were resolved in the prepro-
Sfill allow Program Manarecrs to select appropri- ductioi program print to the final phase of
ate elements of the concept for use on future duce pron. pr lto ile the ei

programs. These guidelines will be coordinated

with various ASO agencies incluiding the LC Force Logistics Command (AFALD) conductd awill vaiou AS agncie lnhldng he ,CCpre.liminary trade-off study of RI1W versus

Advisory Group of the Comptroller's Office oreanic suppora.e-owe a dfitecoc-
(AS/AC).organir support. HIowever, a definite conclu-

(ASD/ACC). noa wa
l 

not possible from this study since

certain cost factors crucial to the trade off
(e.g., RIW price) ( lo' t . *o ,, .,.'a a lished

APPLICATIONS with confidence until receipt oe r

proposals. Nevertheless, the study was of

OMGAt P- The Omega Navigation set' value in uncovering the critical iques govern-

was a sqtem conceived to roplace the Loran A lg the trade off. Finally, source -- al,.rion
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was mad, based on lowest evaluated life-cycle that a standard VIIF radio which provided both

cost of qualified designs. AM and FM modes would he ho most cost effec-
t ive method of sat isfying USAF rep.Iremeurts for

One of the more difficult but intrestiog VHF radios. 1rseld on this irtidy, the lne of
qulstiOu.; was the resolution or in RIW vs or- .1 now tAsta ,t VIIF AM/IM kol t o t no In( l ph
ganic support issue. Since tile equipment and A-10 And F-1th alrv'ill tuclu~rtimont. audt rot

program satisfied all other criteria for RIW modernizing the turrent Air Iorce VIIF radio
application as stated in Air Force guidelines, inventory was validated.
the decision to implement the RIW application
or to support the system organically became a The VIIF radio program was driven b a creti.a1
question of LCC incentives. While several delivery requirement, namely the need to pro-
models wete In existence at the time, none cure the radio as GFE for initial delivery of
included all the support cost elements and A-10 aircraft. To meet this qchedule without
the logic: necessary to compare RIW to organic sacrificing competition, a one-step procure-
support. The cost model was developed and ment approach was formulated to competitively
used successfully to satisfy the need to per- select one contractor for award of a firm
form these types of analyses. fixed-priced contract comprised of the follow-

Ing requirements:,
In summary, it can be said that the production
phase procurement action of the OMEGA Program * Fabrication and quatification
2041 provided a test case for a new DOD pro- of preproduction units
curement approach. Not all of the elements of * Engineering and maintenance sup-
the approach were new, but their joint employ- port for Air Force conduct(d DT&E/
ment in a high visibility program provided a WT&E testing
unique opportunity to observe the ability of * Fabrication of initial producrton
such an approach to satisfy DOD piocurement units for the A-IO and F-16
goals. The important elements embodied in the * Options for follow-on production
OMEGA Program 2041 included: of up to 9000 units

* Support equipment, spares, train-
* Design-to-cost-target ing and technical data.
* Establishmert of competitive

prototype development (prepro- ro demonstrate their capability to meet theduction) phase schedule, potential sources were required to

* Qualification of performance and provide certified airworthy hardware with
evaluation of reliability of each their proposal.
design prior to production source
selection Life-cycle cost was a primary source r election

* Production source selection based evaluation factor for the standard VIiF radio,
on lowest evalulated life-cycle second only to operational acceptability. the
cost of qualified designs LCC component of the METEOR approach was imple-

* Election of support option (RIW mented in the acquisition program. Program
or organic maintenance) during LCCA was made available to all potential
source selection, sources in advance of the RIP package in order

for them to gain familiarity with tile model and
A primary objective of these initiatives which perform tradeoffs for their hardware. Simul-
were formalized into METEOR was to reduce life- taneously, the Air Force, with the support of
cycle costs through reliability improvements an independent engineering contractor, developed
prior to fielding the first production unit. detailed LCC instructions for inclusion in the
As a report by the Institute for Defense Analy- RFP package. These instructions identified the
sis pointed out, the need is "to structure a acquisition, operation, and logIstics scenar,,
test and fix program which will result in relia- data for use by the offeror in exercising L(Cl.
bility growth ... the test and fix process can In addition, derailed groundrulec for prepar-
be continued after system development but the tlon of offeror provided data wer, given. The
cost of doing so is substantially greater, often offerors were required to submit LCC proposals
by a factor of 10, than the cost of achieving consisting of Program LCCA outputs and support-
the required reliability before equipment de- ing rationale for all input data used in de-
livery". 141 veloping these outputs. By these means, LCC

was evaluated uniformly and fairly across all
Standard VHF AM/FM Radio - The ability to apply offerors, and the LCC proposal for each offeror
the LCC Methodology in a phased manner was highly was consistent with other parts of tre pioposai.
evident In the standard VHF Al/FM Radio acquisi-
tion cycle. The selected application of appro- As was the case for OMEGA Program 204., the

priate elements of the METEOR t provided Air Force elected to evaluate both the RIW and

for an efficient production a., selection organic support options for the standard VHF
process. AM/FM radio. RIW provisions, including MTBF

Guarantees, were developed analogou, to those
A joint AFSC/AFLC life-cycle cost trade-off used for OMEGA. However, a different approachstudy, conducted in September 1976, determined was required for the rganic support option.
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Unlike the case in OME.GA, the V111 radio sched- Despite the innovative procurement techniques
,,le did not permit reliability testnp of comn- and the requircment to perform the RIW vs or-
petitive units. Hence, there was no te,- data ganic support LCC trade off during source se-
for use 'ov the Air Force to independently assess lection, the tight schedule for the VHF radio
01-4 MT37- (looted by the offerors for the or- procurement was met and 1 contract was awarded

{ganic support option. In addition, with no in- without protest. The continuity and consis-
centive or control or, MTBI, offerers would have tency provided by the application of a tested
no moivation to submit realistic MTBFs for use procurement approach, as modified by adaption

tC 1"(t' i of the organic sup-port t,' the MT'll/Vr concept, proved effective in
;) ,,i. achieving the objective of reducing life-cycle

cost without sacrificing specific program re-
Steps, therefore, were taken to put incentives quIren'ents.
into the orga-nic support option. An innova-
tive provision was developed which eventually PRCRWN Y(AIUST OIVI NICUI

Z! -mp to be referred to as. the MTBF Verification *0o CELCI I
3t ( [TBW/VT) . Under this scheme, the offer- INITV
' -!I quo~.es submittna in his proponal are

latex. sje, to vcr-lfication in the event hie
iward,,d '- c -tract. The verification is D4S6C ("'OR'S

.;c,,onmpliabe by selecting a sample of produc- Cf.,OU'C C
Lion units admeasuring the actual MTBF in
o p e r itio n a l u se . If th e uoted M TBF is n o t 

C

;%tl ement spares to the Air Force and an ad-
vplstmenc to :ontrict ptice is computed to tC

ccobunt r'ot the increased cost to the Govern-
11vat ass;ocJi;ted with the l{1BF differential. PLANNI .ST:-*T.O ON K
Initial provisions for the lITBF/VT were drafted 41A0I

and the draft vers ion was provided to the TAG TcOON%4Bk
ICC SAUbrdderg to *ollcit their concerns and conments.

Tlkv. cuordinated version was then subjected to
Lilo:'-;;gh revLtew zind revision by program office, Figure 3 METEOR System Concept
contract;;al, and legal personnel prior to in-
bnrpnration in the RFIP model contract. Cotmmon Strategic Doppler Program (CSDM - T'he

E.Mbdle witin he IW ad MBF!T prvisons CSD program is still in the acquisition cycle
Enl~diol wihinthe IW nd MhF!T prvisons and consequently, because of proprietary con-

itwere iurmulas for determining the following siderations, specific issues canno, he dis-
adjiostoents in the event that bids were not cussed. Rather, some generalized ALIteMentS

*.'h le-dn be made about the structuring of the CSD

* Consleniment spares due to a de- acquisition program that reflect the current
ficl~itacheve turarond imestate of Implementing METFOR concepts.

uindoer RIW These concepts are being used extensively in
0 Consignment spares due to a de- the CSD acquisition cycle from conceptioni to

flcient achieved ITRE uinder RIW eventual Implementation of a Cormmon Strategic
0 Settlement spares due to n de- Doppler on B-92 and KC-135 aircraft. The ori-

ficient achieved lITRE in the ginal OMEGA 2041 LCC model was chosen as the
1 TBF/VT baseline and then specific LCC requirements

. Contra"t, price adjustment due to incorporating certain considerations relevant
a deficient achieved lITRE in the to the CSD were applied. For example, the pro-
YTBF/Vi' gram manager needed cost analyses performed

Becase f te sbstntia 'macton othfor nuclear hardening considerations. LCCA
Becase o th subtanial pac on othproved flexihl;' in allowing incorporation )f

Government and ronntractor iok, special pre- various specifically tailored logical analytic
cautio-, hero taken to issanre that these formu- statements fin the LCC algorithm. Again as In
Nas were appropriate and understood by all the OMEGA and VHIF situation, an indepondent

Pat lea. Sample calculations In which the agent was used to
formulas were exercised under a variety of con-
dition,; were perfoi;wed and documented. [51 * Set up the model (with appropriate
Furthermore, all offerorq were required to per- specific modifications), provide
form ianalogous calculations and enter them into ,crega by contractors and government
the n,!gotiated contract provil ions to show personnel, provide use documenta-
their clear understanding of the result should Lion and maintain t'-'!isnarat ion
they only nchieve one- -If their target values, control (this lnnurced c,,sre%, v),
This was1 to insure that the offeror was fn;]ly 0 Perform LCC analyses usling ai rar-
rnsr'ouna it the impact of the provisions and trCDeIgn inputsa.

topre-i le potcnti.;' claims of misinterpre tr(9)ds
inl') at later dAte.
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Assist with the detailed test OPLAN METEOR is a mechanism to help solve re-
planning in order to insure all liability problems. As one MW response to
relevant data is obtained. DoD initiatives, METEOR can help both program

* Develop and maintain an engineer- managers and contractorb. It can provide the

ing data base to collect the re- "front end" leverage needed to reduce life-
suits of both the government and cycle costs. As previously mentioned the con-
contractors' tests on the CSD. In cept contains three basic element.s:
addition, perform auditing and
accuracy verification tests on a A methodology that provid,-s A

the data to insure it is bias free. structure for design analysi, to
reduce life-cycle costs. This

One of the more interesting aspects of the pro- methodology is supported by early
gram was the use of an environmental chamber testing and engineering analysis
for Combined Environmental Reliability Testing where it can do the most good and
(CERT). The goal was to provide a close ap- is backed up by contractual !iuoei-
proximation to actual flight profiles and tives to improve operational Itc-
realistic simulation of environmental/operating liability.
conditions. The chambet was that used o the A common and easy-to-use LCC analy-
OMEGA program and the tests were supported by ss framework tailored for use on
the Air Force Flight Dynamics L.orator) at each program.
Wright-Patterson AFB. The expezience with it's * Procurement technique6 that nave
use prompted the inclusion of CERT requirements evolved to ielp insure lie-cycle
in the CSD RFP. Specific test plans were de- cost competition is bias free. They
veloped by ASO engineers and the data being include independent agency review, and
collected is providing significant inputs into assessment and feedback of I.CC in-
the Engineerin Data Base being maintained for puts from the test program where
the CSD program. appropriate.

In addition, a logistics/maintenance concept The OMEGA program provided the ttround work 'ot
was analyzed which is a modification between the formulation of the METEOR concept. In
the traditional two or three level maintenance OMEGA the specified MTBF was 500 hours. Prior
normally performed by the Air Force. This two- to pre-production testing it was 30 hours.
and-a-half level support system has an organi- After completion of testing, growthi was fhe,.0red
7ational, intermediate and depot maintenance to 300 hours. Under the provision of the I1lW,

structure in which the intermediate maintenance the MTBF is guarantted to grow to 1000 houra
sepport for several bases in a geographic region atter 5 years of operational use. With bu'ns,
is consolidated in a single shop at a selected as usual the life-cycle cost would have beet,
base in the region. These CSD studies evaJu- 24.7 million dollars; with METEOR it it esti-
ated the sensitivity of this concept's costs mated to be 15.6 million dollars. The VHF
to variations in spares requirements and teat Radio case study illustrated the MTBF/VT con-
equipment costs. A simplified set of RFP re- cept. More analytical woi

t 
is required in thIs

sponse requirements is being developed based ,area to specifically unde.stand the dynamics
on the results of these studies, of the interrelationship of the testing provi-

sions, sparing requirements and contract incen-
tives that actually motivate contractors to

CONCLUSION increase the reliability of equipment under
the MTBF/VT contract provisions. The CSD is
still being developed but the important of

Avionics equipment helps to maximize the combat CERT is obvious as is the importance of furthet
effectiveness of aircraft weapon systems. flow- work with the 2 1/2 lev'1 maintenan.,e roncvpt.
ever, avionics also increases both the initial It is possible that this con-ept will have ad-
acquisition costs and O&S costs throughout the vantages over the traditional two or three
system life cycle. Failure rates are a serious level philosophies in appropriate deployment
problem: a system down for maintenance is, scenarios.
at the time, of no more use to the operational
commander than a system that was never produced, In summary, based on the experien, e to da e aud
or a system that was lost in combat. Systems enhancezents now in process, it appears tl ,'
with low reliability and poor quality not only contractors can be motivated to enhance the
reduce force effectiveness, they continue to reliaoility and maintainability o! systems being
drive support cost. Failures and maintenance procured today to satisfy tomorrow's require-
of avionics equipment account for approximately ments. The principal motivators are competition
52% of all aircraft logistics costs in the Ait and the knowledge that primary downstream cost
Force today. Improved reliability and quality drivers, such as MTBF, are to be measured and
assurances are not of sideline interest to DoD. appropriate adjustments made such as consign-
They are central to both the effectiveness and ment of settlement spares. Obviously, the
the cost effectiveness of all defense systems. principles embodied in Project METEOR are not
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a panacea for all problems and may not be ap-
;,!icable for all types . f programs. The appli-
cat ion guidelines being developed for use with-
In ASI)AE will emphasize the modular nature of
tht m-ethodology so that the widest possible ap-
pli,:ahility is achieved. It is anticipated
that the degree to which these concepts are
applieed will be a function of the size of the NOTE:

lrigram, users of the equipment being procured MUCH OF rHE INFORMATION IN THIS PAPER IS
(S\C, YAC, ADCOM, etc.), and availability of THE RESULT OF THE AUTHORS' PERSONAL EXPERI-
,q)-front funds to support multiple sources, ENCF WHILE WORKING FOR THE AERONAUTICAL
ind,.pendent agency involvement and the pre- SYSTEMS DIVISION AND SHOULD NOT BE CONSID-
li )duction tesft-fix-test activities where ERED A STATEMENT OF AIR FORCE POLICY.

appropriate. After more experience with t-_ _

on( ept has been ebtained, quantitative guide.-
I-tv.. an be developed to assist managers it

t nrr.ning which elements are most applicable
toI Lhit'r I

The potential foc LCC savings has been establish-
ed. It is now a matter of wider implementation,
furth,.r refinement of the methodology and eal-
,at iox of r-sults to quatify the extent to
which !C. cost reductions are actually achieved.
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t ~CONTrRACTOR INITIATIVES FOR R&M/COST IMPROVEMENT

C. David Weimer

Abstsic ACsUs~aed~ p"Lsce APOUCATION ANC1O Lu.UWrTAnO04

This paper presents a synthesis of major findings and conclu- 5 5-'-

sions derived from (our years research tn electronics subsystems W a"om *Isai'i

acquisition Department of Defense policy steenss for achieving
improved reliabiit maintainability, and cost are reviewed The '. .L mvi r '~'-

application and implementation of these polices are examined and .-- 1 U

Ythe management response of system and subsystem contractors is ..... ,r..L....,-
described in areas of operating policies and procudures. projcCt
organization. cost management and control, and development pto.

trim plinning The contractor experiences during their engineerig J ... ~< -

development programs are subsequently evaluated in terms of oper- !!!J Vtivi

sting problems or policy barrers In total, the expetiences of 43 i

contractors reponding in 25 separate prorrami am examined and
anals ted Based upon their past experiences and management
behavior. Vne appropriate response to successfully embrace future
policy snillives is postulatedi

Introduction Figure I Pbitc) Appficaion and Implementation Friarnt.vsrk

During the past six years. the Office of the Secreta-ry of ninging from other forms of goiveenintal inteivention to the
Defense (OSD) and the Services have been attempting so change political. econotc.rd and competitrse busineta esytronment These
the output of the weapons system and subsystem acquisition external force frequentily enter into arid alter the form of cnn
process lii particular. these offices have initiated acqusision tractor response This paper wil! examine some of te key Con5-
policies designed to t.,duce cost growth and so tmprove equipment tractor functions Wlustriated to identify csanges which resulted
reliability and maintainabality. The focus of the policies has been from new policy application
the critical design and development phase. whsere basic decmtons
influencing future product cost. reliability, anid mantiniabilit) ine faky Initiatives
madc

Electronics systemr and subsystem contractors con pursue the Major DoD policy statemets take the formt of DoD D)ire,
objectives of the policies in two primsary ways. (1) throu:h the tives or Memoranda to Service Secretaiets from OSD principals
appli.3tion of new technology which promises grater simplicity. Table I lists several recent policy directives and implementing
higher reliability, and lower cost per function and (2) through memorsandar which are directly concerned with cosn. reliabilit) n,

Timprovements in the plannig and management of programs activi- aantrn.'bility
ties for reduced cot and higher reliabilty during development. The The emphasis of these policy directrves has becen 0s tni%:
pianning and management function ts believed to be as critical a rather than reliabilty or inatt1Ltainabity The ftns DOD Directive
determinant of programi outcome as new technology utiliation- SD00.1. established cost as a primary oesgri parameter This
thetre is considerable evidence that the benefits pin-d through the launched the DOD Designto-Cost (DTC) zcq-u -ision Policy Subws
use of advanced electronics technology have been paraly Offset outnt diructrves and memoranda expanded and amplified the Orig
by increased performance reqluirements, The results often have tial concept
bern greater equipment complexiy leading to reduced equipment Reliability and maintinabty (RAM) obcectisi i-suall,
reliability and increased hiie-cycle cost. were contained in the darectives aS unsrogatec for support cost

The topic of contractor response to defense acquisition goas, Where present. they were to be given emphasis equal to
policies can be deseetbed in diapamatic form as shown irs Figure I acquisition costs Spec-i!'c polcy gsiidsnce tailored fot RAM hit
The figure iustates the flow of policy darectives and subsequent ol eetytrae nsefr fdatdrcie
implementing instruction from the government so the contractor The major RAM policy initistrves to cate have been the
organiration and evenstially to functional orpanationi within the establishment of Reliability Improvement Warsities iRIVksi sci
contractor, Even ts this simplistic viiew of the process, the con- bllty (MThF) guarantees. and Support Cost Giuarantecs (SCG'i as
tractors do not operate In a vacuum Outside influences exist constract options to equipment production contracts These require
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Tabl I 'olii Dr'eciee an Impmening emone~expierimnents were well into their engineering devt i-
ment programs at a state where moss of the critical

design decisions had already beens made and approvc-r

A 2) Because of the timing, the contractual DTC appticzy
noe. YM ani ton for most of the programs resulted in city.

1440" W"UMlllo So "" Jiintly 51 It mt? lol amended provisions to the Initial contract or incoin.

liss, 10-61 ronisi W~rt'Es IQ @UKt " s1111ll plete contract requirements

I.w i wmfu "i OF &Uliii iS owl Mit60tsat iItii?) 3) A key Ingredient of the DTC policy is development

CM1i,01i ot WSV-icasmllyiti4401 wuai4 jarWO MM eligIl program flesibdits (cost and schedule) in order It

I 0ft5 .. V J, MSMxyJ' aaagia viss Mv N . a.ii perforrm defign iterations for goal achievement Oniy

Ma., isa tatS aiiahi' ue~ meaiiu it sa~i ~thirty percent of the programs were able to obtain
SW Sat ~ teas ismatinadditional time or funds for design iterations,

MSSiatI5T iiaflia3 StPiSKi loss 4) The most inconsistent contract requirement was in the
ism gT. -,s~u I COW~t 0i a." MI$= atu m loll area ol equipment cost estimating and reporting Thu.

SW 55 1sanetnt u~srw~ isearnst artGoverrnment In many cases lhad little vsiilit% into rise

San ~ ~ o ."Al. CMtS RLILSEl 5'i si riti "ViM S tim t ist Status or Progress Of the pr.5ci. )SOt mh~afneient

1a.6! . Auseur illyei~lsUvsia .. ,~ efforts

Reliability Guarantee Policies
In a manner similar to the riesgn-to-cost policies, the Initial

ments eniplisuc field R&M thsrough equipment performance friar. programs containi future requirements for reliability guaranrtees

3ntres Application of these techniques to new system, procure. or warranties wee nalsized The findings were parallel most of

Wnill; increased following flit 1973 RIW memorandum, the dlevelepment contracts did not specify requirements for the
Two ts~w drzft policy directives, presently being reviewed future guarantees. seems and cond~tions were negotiated and firal

prior to, issue. deal directly wih RAM. They call for methods so tard during thle teesnal stages of the development program, as a

Predict RAM of peisposed systerms and conaideration of R&M as a stage where little development programt impact could be fealtid

m'aicor ceoncern durng all phases of the acquisition process Unlike the DTC requirements, however. Use fitnalized Conirsi.

'-lct thalt ati~uulrly rot DIC policies-several year% requirements were generally complete and followed uniform rjide

elped beCtween Initial policy estau)lishmryent and more specific linea established by OSD and the Services

guiideline, for Service implementation Refinements Incorporating An additional contractual ingredient of the reliability guiirar-

lessons-leared or the Initial experinteiss or trials subsequently tees was the Potential finacial risk Associated with warranty provi-

ri'vu!ted ir. updated And revised policy s'lrectivms as Use concepts sions and consignsment spare requirements if future field reliabydil)

mriatured T,; understand contractor repollse to these policies we did not achieve predicted values. Contractor tourd that thes *ere
wi Iiifl exanci the tranner itt which these: policies have been required to price warranties based upon Specified reliatlrtt and

aPP!rhd maintanability levels with only limited~ development program data

so predict their ultimate field reliability and warranty cost

Policy, Applslon

W-1hile the DOD Policy directlyes may be txphlt in their In the two policies examined, it was observed that transla-

esnlectives and the Ippmacs to be followed. chanfles is the acquisi. flons er b-oad policy directives into specific contractual rejire
in Process and in the 'nanselement Of product devrelopment do ments took tune and was not ewily accomplished during an oft

is-sr ioczsr unless the poireses Are trasslted into implementing going and previously planned develoonsent program This -.at

insttrctijns and confreert ciLISes reflecting tlie application of the piulicularly critical when. the policy was intended to influence rthe

olicres to the qwecifc Pmrpsi' No esseter ho-'. much publicity design of the equipment and the conduct of the development
was given to the ness policies ihe respose of mansy contractors prorm
wa'. found to be dependent upoin their specific interprietation of
current or futtre contractual comn~n tnenvs Contractor laitiatLves

Since the inital policy sxr, trst were oablisled. studies at
lI)A and elsewhere hae t~ee- , eucted to nmemare Use progress A primary objective of this Paper, and a key output of'

Of these Initiatives as t try were applied to the ris ardidate peevsous resesren. I. the identification of contractor respons- of

development programs The 'irridits. Icscribed below, are of por. behavior as a reisalt of the policy dtircv. It w.ill be sevcriV year'.
":,star interes, because the-, form the basis for expisnator:. Ixfore the success or failure or the policies can be dtterrni-i
rationale for tilsiequent contractor behavior from equipment productiorn cost or field operating perllo-rlCf

Thus. changts in the mayntgment or conduct of the develop iter
Of-igjlu-ost Poliiesn "norr frlns emphasis t-, policy ohject:re may be ret 0,1,

The contractual requirements for eight oritinzl program's indicators of future pobev success Equall im;Kortani yuhlrr

desilrnateil bN - ie aele as Peot-limited Motypes were asit&$r v.,sr$r tst prey-n- r 'slicy objectives fromt s-em, psuis
jr.a1ied K"e furdilli were_________________

It Sev~n of the eight price-lImited prototypes hil i o~uasic .is il*o. .,a will .a..-o- '

entered devitiaprnenlty b-le be-ing desitrste't as a AR Ri*-tla CAWiv, 5th .. lrs -i." tM S- .a,i .r ..

desifn le.,ost jndic,41e Ar kiil four of yo, right r.v ),i, a,,
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nmay be discovered which can be resolved in tine for positive TableZ.' DTC Requirements aind Contractor Policies
benefits to be obtained Finally, the aggregate experiences ot the
contractors in responding to these recent policy initiatives shoutld-
help other contractors or subcontractors formulating development

program plans and negotiang contracts containing similar policy .. ~ ' $
requireme nt -$. 0.9;? A 0 _q

The investigationst into contractor policy response identified 'ts '4 e"U W_'24,
several areas where the impact of the DoD policy dsrectivei couldj '4 I
be observed Contractors who successfully adopted the new acquii*-~ D
t_ ion policies did so through the formalization or their own new orT
rr~isd operating policies and procedures. This effectively endorsed a YES tES E' I g

St YS YES YES YES
the new acquisition mode and provided credibility for thse internali N YE YES YE.S YES
changes that subsequently were sorpleinented Contractual require- Q s0 No aE *
ments. reflectingf the new acquisition policies, also led to changes It YES YES YES tS
in contractor Organizational structures and their unternal ost us nt s aO YES
management systems. As the dtsc.pbine evolved for Achieving 7 YES Noa) YES
greater cost and reliabbly visibility during development, changes l *E I YS I i
were observed in thre planning of the engreetruig devefopment _____ 11 IS
program These changes requited more effort to be spent in several rAC47PPJWfl7VUT Or W AIXtf AD P*OIDURES

ke) functional areas. The details of these responses will be 0 YES [ o Y Eld YES
esamined tn the following sections. I go YES *0 No

C YESt YES No to
IFCorote Policies and Procedures I nsj VIs so NO

If permanent changles in the conduct of detign and develop- 0 YE YE YES, 00
mint programs were to be accomplished, we expected to inda
either new or revsed corporate operating policies and procedures 11064p cow "ISm
that reflected the new Goversment policies. DTC represented a liroros ONui a t Wts.
significart changle tin development program prsonties. therefore, wot 'at &,mewS
na sme means of legitinsizing or authorizing program planning for htbops morn a- (two sor ED rogroml
DTC was anticipated Our investigation found that sucteen of the
twenty-two contractors sureyed had either developed or were
preparing new DTC operating policies and procedures Contractors
who were not responsive stled that corporate or divisional durr- Table 3. DTC Policy and Pr'ocedure Oaractertics,
tives were inappitipriate because of the variety of prograis being
accomplished or because other existing procedures providled the -______________

guidance necessary to respond. F1Tow'
Investigations into the DTC requirements which affecte i

policy establishment identified requirements, ilustrated in Table 2, .
which apparently ke to the formaliztion of the DTC process All*iUI
but one contractor who etablished DTC policies anda procedures u

WNW" aj IUiC F ~
had requirements for frequent and periodic production-cost - -j

estimating, tracking, and reporting. Only half of the coytrsctors a Not, PIM .IF s M Ia Il III
without policies were ieab~ected to any coit-reportusg. and these a 5 woosain P4aam w so S IaI
requirements were minimal-two reports per program. a OR to ieim$nw ou i I Ia

Another significant difference found in the contracto' N swooas m tas~~ I 1  I 1  II

requiremen% was provisionrfor awsrd fees. Most of the onractors W1t "'"" "-- m jsPer Ii~
with DTC policies and proceduares weftealso workmi; toward award I~ t~i~i ainU UMo I~nI on ~ i
Fees based upon their willingness to ngoitiate a production con- fall pro &Nar- V IP ~ I
,tact at the product design cost (price) Thus. a canal railalsoriship __e m ijt ii
was found between contract requirements for cogt tracking and *~ -- - -'
reporting, contract incentives for achieving production cost "oas.
And the policy and procedural responze of the contractor.

The DTC policies and procedures furnished by eight conuac- lacking Emphasis on subcontractor management or material-
lts were examined for characernics that would iasdicitte soPe, purchasing funactions were covered by six of eight ontractors
level of detail. origin. source of authority. and topics covered The Policies or proocdures governing changes to designr and devel
results of this analysis are presented in Table 3. opment propsenms for improved or guiaranteed relisbsti and main.

The final area for analysts was functional coverage. Fume. tainability were not found in our contractor surveys Based or.
tion% relating to oaistional relationships, cost tracking, product our experience with DTC policies, thin rinding wan not surprus:
engineerng. and prouction were covered by the majnty of cn- In tne reliability and maintainabiliey aru, specific new reports or
tractors Howevtr uniforms coverage of cot estimating err valada programa activities were not required by the Govenrent dt~ring
tion testing-two critical iingrodients in the DTC coincept-were engi,.eenngf development Therefore. changes fo: increased R&Mi
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fesponsibditv did not have to be formalized. each program and in the cast of guaranteed MTBF requirements. the c(5,t of"

mn.nait-i could take whatever steps le felt necessary/ to acquire consignment spar'es to maintain field avadahbtt

R&M data demonstrate his future product perf'orma~nce. and The rnanagement of future costs during the design phase

quanitf hi,s potential warrant) risk required that the contractor become proficient in at leas-, thr,
functional areas. cost estimating. cost estimate -racking and n'rw

IrL ici OrylnL-flon mg. and cost estimate control For manN contractor organizations

The secone area of policv Impact investigalted was project these requirements were new. Contractors were just begimnnin to

t.-inzation Sc .:ral %:pn:ficant organizational Changes %,erc found implement the latest Government requirements fort he maniec
ja rrs .i- o( the new policies The most common orpras~tlonal rnent and cont'ol of on 'o 'yg development programs n *ccofd ai

-sn to DI(. - Ircies was the addition of DTC staff support to with DoD Cost/Schedule Control Systems Cmritra (CSSCS 'P

the progam mnager This res5ponse was especill comm on in Require~ments for f'uture equipment and ope'rations cost eshimat-

v ur tirolect organzational arrangements Other contractors created Ing represented additional efforts. New management Information

,DTC" ;mne organizations or specilibzed DTC Chignoi~ier staffs All systems had to be develope'd and existing capabilitie in cost

,ntractrs who added to their engicnerng staffs were organized in estimating augmnented

k ., trix form, each member of thc project organization reporting
o ou) their functior'd supervisor and the proram manager Developmntn Program Plarnnn

es mb) di"d -ntAl factors beeved to ersponsble for Tand he caso arante most reuo.mant ara of contractor

the odattzaton it chante were aais Government requir ments for response, s delopment proram planning an. execut o nh ts

SprouctliOn cos: c'stimawt. tracking. and rporting Ten contrac, ct. w are oncred with coans end to dcilng nt pro-

Por ste this mqutremcni to be a pnncipas reason for their gnass a resti of the ontroasd emphasis on cost regthaniatan

o Tanisatonal chang Contracto i also ivbeed that the emphasis mapetaimabii ty

and Importanc tech' d a o DTC by the Govnio ment proudam As frame o reG rce a funcinal work breakdown age

oiC' Were PnM o tmh notwatri Te ms comon orga naronl ure for typical engneering development program has accen con-

ther rason for change w re quements for ife.cycle cost struted Fig r 2 fustrates the thieen a unctionas clmst s wich

analyse oroandetiong opcid nalyses and planfn l were analyzed dudng the research.

Seteral contractors who repored no fora organizaeionae

chavit r fspondcd to DI s qupem nts through esmablivment (on
a perimd. or n -d b fsco) of ad hoc DTC commitees or ie) used

cx1t g ornlzations (c e w a)stemi entfnrerpno) to provide thdp i

Znec:essar:y respo}ni:I- = :
In addoton to om atzaon strctur , the content of pnrecn

organiration wan found to be influenced by the new pohcies m
Sagndficant additaons to the projct stahf were observed m As thea m or e , fct" nwrbea n '

functonal speclty areas of paducton onrgneeina, msntay. d prga hsben n

aherlt enginsfrn; and reabilty cinmenrs These functonol
dhn e$ respo ndeded to hlp predict product cost reabilty I f

ane maeidu'obhv throthocDt the developmnt progrum

cA S n ti poicy concepts we trmsenginerinto spcific contract

requL ients. it case nec ss aq for o t t or s to devote mor e
attention to future producson cost dureg the cevelopme nt pro- Fjeurt 2 Typiri ElectrontS Delopmen Proram Funrisnof
func- DT sequitements for production cost estimates at the Sruclure

ahin-in e of engine cnig dvelop nt and he equiements fo

periodic updlates of the initial esunates meant that contractors It should be noted that the trinaal maxnagtement and 'n
wuld delop apabilwtees to estlmatec production cost based upon ibact manaemnt functions usually not dirctly chargeable to

carl conceptual dph ons, track these esnate at detaild specific programs: they pr ondiect chares Neertheirss since

leCst and report the cstifics to Internal managemnt ad the previous research showed thes functions reilved a impaca

Government In ordcr fp the t n.o-cod oals to e achificibitin =ag fi.ant responsive changs. they have been Included

the cost etmAtes had tio be cot drin the develont proa Fgre 2 TIro evelopment proFpln functional structure

ba.' DI' req md a tsf-o Ps',vr p u n cost eana'em aten i aton sS c

rem tha! would provide os: e.,tuntors with new design concepts M
gand drsin engineers with th cost ituairs of their dns The equipment desin efforts we icreased for many of th

Cost manaud emsn thangis ware also esquiae d as heatl contratr ctors responding to th new Poicies DTC pomn ces oten

'wdrrant v and upabltes were troductd as options ba be priced resulted n sveral dsin iterations to ma mta, or c eve tho

por to production conti sward r ly the enli ecrm det l production cost 3a s t oh e desin effort al was rqurld undr
eopment prorm the ost of m onmt ctor epar and mumcnance poleious or prtecnti rrshbty wafuantios or eceirane s becoup

hod be coniderd to tht thew factors could also bfluece the eontractors gere requ ired to descn their equipment fnf che, '.eld

and$ ds the ninersit theD u Ct e. useaj of, the otf l iegnts 1 T %-h eq uintdAsg eudrs C plea fr man of Vhe

Cabos t malnagllemn caNg e'l were d i, and reli abdt s cultrat rsondia atod t Lhrsed tunnew p tlies I icies ,r
warnisadgaate eeitoue sotoss epie eutdi eea eintesin omiti raNrv h
pro opouto osa wr % 5 yi h niern e'l prauio otgasMr einefr lowntiurduii



tive the design function received large impacts from oth DTC and PormMngmn
warrant, policies. DTC policies created the Largest uipact whenever The program managemetnt element consistently rated highest

time and funds were avaible to perform the necesary deign among the functions that were affected liv the new voic
iterationsrequairisieflt Thit was not furpriaing ince it is then program

manaller't responsibilt to interpret the requirements or the con
Anal% sis i mactual effort and parcel work packages to other functional organ.
Apal~ticai efforts supporting designs also increased as a Lz~ttott5 When new policy requiremenits were applied it -as rno'e

result of the new policies ~New task% were undertaken to explore efficient so add program management staif rather than to disturb

alternate materils and anal~ze additiotul configsrations (a no-on rcs o oon ucint etpta shiln
towering cost Additional effort wa found in reliabilit) antd mnn other protects as well TnL%. Ai was obiersed that the DIC
m..inianabit analyses to preparec for possible warrant) or guaran- cost tracking and reporting functions often werc assigned to the
teed life-cycle coot Obligations. Thus, analytic efforts increased Program matager's Staff The program management Staff -s also a
together with the design efforts, the magnitude of the increase was logical location for multi-functional analyses considering cost. per-
round so be proportional to the timing of the poie) application formance reliabdity. mainatilits. and development program

durng the design phase shdl

Materials Management Financial Managemsent
This area was one which received a large imast as a result Th- response of Use conmtreors in financial masagemet'

of the new policies DTC policies required constant updates of occurred as a result of the DTC policies wnich. iis discussed earlier
protected production costs thivs t~ificantly incr-eased communica- required pruduct cost estimation at frequent Luteials throulthout

ttions between prime and supporting sbcontractors and vendors the developmientl program Additional e:otwsatontdo
Warranty requirements also caused contractors to take more car warranty policies as mainaglement attempted to quantify future
with material inspections. certifications of quality control, and in fitncial risks associated with warranty admninistration kdl of the

some cases, plant screening and acceptance testing. Contractors also new pol'-ies demanded that contractors improve their cost esimat-
attempted. with very limited success. to pits their new contractual ing and forecasting capabilities because the flinancial managem-i
requiement on .0 lower-level subcontractors In general, there was functional area was most often responsible for providing services or
a marked icreasc in supplier communications and un materials accomplishing this task, their efforts were increased substantiall)

screening and testing prior to development use.
Product Support Planning

Prototyipe Manufacture Support planning is a function that ordusartl) does not
While there had been considerable discssiton within the contribute significantly wnil the second half of the development

industry concernig the need for larger numbers of development program when product designs resch the critical design review
prototypes so support increased design verification and teat reuie miestone and support concepts can be specificall) linked to the

merits little, if any. increase in protorypig effort was observed in product design It was round that prodact support planning began
practice Posible explanations are that funding for additional pro- sooner whenever warranty options were a pousbiity andI mot-
totypes was not available or that most of ste development Pro- total effort therefore was required DTC unpact was (ousd to be
grams were structured without recogizing the need generated by minimal except for those cames where life-cycle corta w-re critical
the new policies Mst contractors believed they could benefit t0 production contractor source stinction
from a Larger prototype or pilot production program. however.
they were unable to oibtain the additional time and money Production Easainceitisa
required I Ths function became a significant pan of the development

process under the DTC pol-ies when prodsaciblisiy concerns
Equipment Teat affecting production cost 5

,ecame critical Several progprm offices
This element received a uignsficant increase in effort by those augmented their staff earl) in the development program willh

contractors who were preparing for potential warranties or relia- production eigineering personnel an order that the frst preliminary
busiy guaanatees. In a number of cawes, prototypes were sib~cted designs would benefit from pnarduction enineering visiltty Pro-
to addicitional tests not specifically required by contract tCs oscorl. duction engineering aws played a role us designing equipment that
cations The DTC policies were not usually rusponible for could be tested, repaird or masintained efficiently under a
increased test effort, most of tse design iterations were accoms warranty by the contractor This function was on: of the areas
pLiashed prior to committing hardware to the major tst prop=%is t',oss affected by the new poicies.

9!i!lirv Assirane Value Enzameeman
Contractors reported zrAlt to moderate irsc,-raae in quality Value engineering (yE) was an ensigma us our studies Some

assurance efforts primarily because poscrntial warranty riteuemeasts fims placed greaser emrphasis on value engineeruI during design
made it imperative that raateruaals and purchased parts be screened while others replaced Use traditional value engineering function
more careful[-, Added effort was alto expended so insure complete with ad hoe task forms formed to reduce coats Our analyses
documentation of system and component failures during deveop-. indicated that the identification of value engineering with only the
ment testing DTC policies did not appear to impact the quality specific requirements and incenttves of a contrat VE clause
assurance efforts except for materiala certification and receiving resticted a broader application of LU taent Thus the overall
inspection functions impact was relatively nomnal for each of the policies examined
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Data and Reports
All of the pobLy intiatives resulted in additional require- ment the warranty impact ini the design. analyses rs

nienri for contractor data and reports DTC requuremen's surfaced management, finarncial mranagement. and program mang-ime,
pnr'imrt! in the form of per-iodic production cost estimates and functions Warranty policies which focus on future operation ard
Lost vAriance repotrts Waranty requirements resulted in more maintenance experiences (and cost) dominate the impact mn ar-.j
derided data bein-. required from reliability demonistration test of equipment test, quality assurance, product support. .nd crn'rit
programs zetd planrsuia documents to support the piroposesi con. management
tractor repair o, maintenance concept These policies resulted in a It is difficult to quantify the observed impact in terms
moderate increase in effort in this area either effort or coat. For the warranty policies. our research in,:

fated that those contractors who reported an impact estimair
Contract %'1anaperMnt that It resulted in a twelve percent mncrease in developmnent elf,.'

rAs the new policy initiatives were translated into contract arid a comparable increase in cost However oni% hjlf of tt'e
renuizements. the contract mantagemnrt effort increased Contract contractors surveyed reported an imtpazt Most of the others
clauses callis:4 feor cost goal demronstrations, and incentive fee provi reported that program or inetitutional bamners prevented talk-%g
ions resulted in new contract analyses The negotiation of comn- additional development actions It was also discovered that pfe ,

pl.N and detailed warranty or GSC clauses to be applied to future antics cvf the rirogram or barcs prevented moit cot,tractors fror-
P-" .cion contracts also represented a large impact. In moat of rsodn ul oVCplce
the ptrrar . Tx. uncisd. the formulation and mutual agreement on
proposed contractual warranty provIsains occupied sieveral months Contractor Responae and Contr-coe Succmn
of Intentive And sustained effort during the engpieering develop-
ment Procram It was not possible to draw conclusive cause and ef'-c

relationshtpa between any specific development program chixaade
Sumniars of Development Progeaci Raqionse antic and contractor success in winning the productcn contrac

U7The acquisition policies examined in thia paper had a agnifi. However, the conistent behavior of the w-.nning coniratciors t
can: imspact upon the plannig and execution of many engineering these policats is interesting. Stxty-five percent of the sriccessfsir
development programs DTC policies greatly affected the ftunction- contractors hail formsalized the DTC requirements with policies and
of deign. program management, material mantagement, and pro- procedures of these own. Whale there seemerd to be no rrtrrsing
duction eniginteenng whiii polices leading to relzabuiivy guarantees pattem to the type of organizationall structure, in eve cz
and warranties impacted heaviy in areas of design. materials except one, production or producibsllrty engs~seerui; taccups
management, equipment test. fiasncial manaement. pror'atss major place ias the development program organizaion Cos'
mnagemient. and contract ruianagment There is evidence that all managemsent also was a strong sit foe the vtnnig costracto's
the development functions were affected by the new policies to Another common diaractemstic was that the successful contrsrsr
some degree, developed a detaile cost eselenstung. tracking. and repcrtlng i*t-

The relative magnitude of the policy impacts, together with indeperndent of contractual reporting requirements In Terms (
the ggecate impact upon the development program functional program element impact, the tabulation of the successful canraz
elements are shown in Figure 3 It is seten from the figure that tors was also noteworthy. There was a hrste-to-onic differenct
the policies contrtbute to the overall impact in different wavs effort reported between successful and u'rniccesstful contracir!,
DTC polizies prtmarj concerned with acquisition cot, comple- almost every category examined. It is not clear whether wtlr'

program characteristics such an technaia perfor-mance "1z, has'
l~~~*iaaq~ribeen more important determinants of success than contra

response, but it is believed that *he contmactor who stir'nic
~ embraced the intent of the policy Initiatives were in a rno"

confident povture when the production RI'P arived

r"I Ba'~ ariers to Contractor Respons

I ThIe contractor respo'nse obseryed for the recent acqutis:o'

77,77.7intittres was ustuall) not optimum to pursue or achieve the poise)
I I objectives. It was commonly observed that the potential f,-a

ln'.~.ea tu~r *~grater or more effective response wat present, but asstitutiorsi o'

~ ~-.-- -~3programrniqt banners prevented this from occurrn l'-
"a"W'M MINDs." problemi areas or- policy barriers encountered, listed irn ode, v'

~- ----- their reported frequency. are th"wn ,-r Tabsle A below

air. "Mfg A full discussion or these and othser p-ogram-Pjeciilia' p-
lem areas is beyond the scope of this paper However sim ene a .

401,1itin howA recurring problem observed in many of the cases esarrie'

is that the expected policy outcome is often based u;,n ,
premise that the acqujirvan eivironment is !a~orVlcet '- c'e
easily mc'&fied toi accnin-'o'ste %,v *.e- rli-ses )f 'h tis

FiueiSun'rsaes ofDrei'-l nent PPtOvMM Impact are (1t the espeetation that thlere t '-1 a r'ew,a w,'i 4,!
money available in the evelopment program;s tc i-eve' eqiipetn-',
designsi n order to meet pret des-gn cost goals 1'the enpi 'a

Usfgi A



N',1 I P"I AsMet ".de !iA~n A4raiI Th- ( ),mrn'n- p-~,r3n office mutt flrmly .,ebieve In

$leasti 0 ...... 111 PV6% 11- & ii VVcIVtIiic III the .leCJ.w ci.

- - 4 tti Sui'thwnt lut thotiil math~i in te d~sfiioaisnt rim
=44114.i15 5* MeWCM aw man .i o inipliih Kilt gumla it te 1-0,i,

cnt tinilg PIrIVitNStti U i 41112 iit 4) Flexibility should be uioorporiasd as pan of KMr pro-
am nPS01116101V"Kn 0 UN gam to reverse previous decisons if the new policy

Immc "lt mrsrgs n a owrequires a changed product deswg or development pro-L ~~ ~ I.1KM,~ reeam gr5* am
wecesais owtsmi ai 5) Contractual requirements for Policy appilication must
KstLMtf 1101410 amN u be analyzed and agreed-Ko at in1 ealy stage.

.IKK c~w IS 5* 6) Areas of policy interference witl, present program

POW w rn le al" Q "Nw pbcyand plannisng should be analyzed and resolved.
clw-aPK SMdl 7) Additional funds, if required, should be available to

am execute te devtlopment progrin in accordance withI I new policy gwdelnes.

The major iewon~earned is that policis azined at reducing
lion that the developmtent test peograms will provide realistic total product life-ycle coats will probably require more time And
Indications of expected operational reliability and mantainaiflity. effort during development than otherwise would have been
and (3) the expectation that new policies an be readily converted expended Basc development engineering discplines such as design.
to contractual requirements and will instantly implimett funds. analyis. tent, and evauation, together with program maenagement
menial changes in contractor behavior These expectations were wil be affected. Indirect functionis sich as financial ntagemest.
never fully realized in the pritirass analyzed. materials management, and contract management ma) also relire

Another problem area we found was that related policy meom effort to propertly analyze and implement the policies Ways
concepts ae not usuay :.ompstibke whenever output piorties should be explored to efficiently expend these valuable front-endIt conflrnt A policy calling for fixed price grantee of reliability. dollars which can have Veat leverage or. the cost and out. ome of
maintainability or support cost will not be easily intepzted into a the total program.

OTC program whose frm unit production cost targeta live already
been set without RAM or lfe-ycle cost omaiderationi,

Finally, the policies weve studied are designed to fundaarner-
Ktally change the way systems and subsystems ame developed and Contractor response to recent acquisuition policy initiatives

acquired. In order for these changes to occur, the need for change wise examined. It wise found that new policy application to the
mut be dlearly recognized said the benefits for change mutt be initial piroirazs often was only partially effective because of
clearly vuible. These are isugedagaits of policy credibility, wtich for simproper tinting and delays in pollicy acceptance. Nevertheless.
many plopams. ha: been Its than dewed. If the conitractor ~ spficant contractor responses was found un areas of policies and
perceives a lack of credility, policy response will be teflective and petosiduzes. oanarzational structure, weit ma nment, and devel-
fundamental changes w~i not be implemrented. In this can. credi. opmenat progirarn planning. It was found that beneficial contractzr
bility (or the lack of credibillity) becomes a barrier to bapietmiat. response usuay requid more developmient Chas and effort. The
sag change. potntial for a giase? and more effective response was identified if

iruaitutiorAl Wn acquition environment barriers ould be attenu.
Future Development lieouwnir Pler ated or eliminated.

Changes in contractor behavior leading to altprovvements irs
Bared upon what we've oboer.ed for thes recent policy system and subsystem cost. relebity. and rmntainability are

initiatives and the subsequent contractor experiences and respon se, difficult to implement exclusively throughs new policy initiativrs
there are several lessonsleamed that coild aid contractors ms future Positive contractor response will depenid upont winy factors rnvng
development propram planning from the perceived credibility of the Governsment to the succestful

The rint lesson~learned ia that siccassful contraetors took seonnodatin of policy barriers contanted In the presetnt sequis;
(the tni:iative. Interpreted the intent of the policies, and translatel tion prOCess.

Policy intent into operating mrctice in advance ants fidepewnde of
Government contract requwetmentt This procedure was ritiky and
increased firianctil expomirn during thec critical early dewelopirent
Period Succeieful contractor behavior dunisg tke developtrient pro.
gram was not unlike that of coenpanss who were developig I . Robert L Bidwell. berigrn to a Colt Sempillig of Exrenr of
Products for the commercial sector. Howevtr. muantionial avenge- Impkenraviatn." Defense Management Journal. April 1974
ments effectively blocked a full commercial reoponse. pp 29-31

The second leson-learned a that theme new policies can be
Implemented much easier if major barriers to their execution art 2 C. D). Weiner. -Dej'enst Acquisirion Pioes an.-d Conirrro

4 recognized iu following conditions should be present foe new Rerspossaer A Cimpererne 4owlyrtr of Mowal Riesponir
acquisition11 polic? success to DrpWtmnnt of Dirfeats Paltrier for CoreCbnrrrevtel
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FAILURE MODE AND EFFECT ANALYSIS AND RELIABILITY IMPROVEMENT

Frederick C. Potts, Capt, -AF

ABTRt tially valuable tool for tile acquisition man-
ager and reliability engineer. Hlowever, an

There ii a strong link between tile essential extensive year-long study of the current role
aspects of Reliability Improvement Warranties of FMEA in reliability improvement, conducted
(RIW) and those of Failure ModL and Effect by thte author, has shown that tihe use of FREA
Analysis (FMEA) . Clearly, it is the f. [lure as an effective management tool is hindered
of a system which will cause down-time, re- by the current philosophy which surrovnds the
quire logistical support, and generally in- process. This philosophy has resulted in
crease the costs and support efforts required procedures which tend to continue to limit
to support the RIW. The evaluation and the scope of FMFA utilization and which con-
elimination of failure areas early in the tiuet h eeoen fFE sapo
acquisition process, through a comprehensive cess which becomes increasingly separated
and thorough Failure Mode and Effect Analysis, from management.
can result in a RIW which fulfills its purpose.
A new analytical tool known as the Failure- Currently, FbEA is primarily a retasion of

Criticality Grid is presented which can the quantitative determinations of the re-
provide management and engineering more in- liability analysis. in order for the full
sight into the value of FMEA n establishing benefit of the FMEA process to be realized,
the various aspects which comprise a RIW. FMEA must become divorced iroem the numerics
FMEA and the associated Failure-CrLtcality of the reliability analysis because its full
GrAd, although not panaceas, are valuable poten ctal lies in its ability to provide
tools which can enwance the value of re- informton for qualitative management
uliability improvement, decisions. It is recopmended that the re-

liability improvement process include a F
INTRODUCTION which makes use of a technicue which asso-

ciates failure probability and fallare rate
Failure Mode and Effect Analysis (FMEA) is a dat with a predetermined s, of ranges. Flese
systematic approach o the analysis of the ranges allow more flexibility in the decsion
capabilities and performance of a system with making irocess because the dependency of the
respect to the areas of its possible ailure. FMEA upon bpecific numbers is reduced. This

In contrast, a reliability analysis is con- technique is bddressed here as the FMEA Failure
cerned withuh no panace hat a system will Crt lcliy Grid.
operate successfully within defined specifi-
cations over a specified period of time. FAILURE. ODE AND EFFECT ANALYSIS
Essentially, the FMEA is a deterministic
analysis because it makes the basic assumption A system falree3, o fails to operate, based
thFa the system has failed, regardlest) of the upon the performance of ceroain critical cor-
results of the reliability analysis. Then, ponents or subsystems, The key in evaluating
the FMEA proceeds with a hypothetical de- the ability of the system to perform a requit-
terms tion of how the system failed, known ed mission, or achieve s deired objective,
as the Failure Mde, and the effect that this is the identfcatdn of these critical areas.
failure will have on the system capabilities Mny times, the design of a system is so rim-
and performance, known as the Failure Effect. plex that a simple examination is not suiff-
Currently, this analysis is carried out cient for this identification process. The
through the entire system rtructure from Failure Mode sld Effect Analysis is a sys-
the overall system level to the lowest level temrc method of identifying and classifying
of indvrdubl components these critical areas and, subsequently,

gaining Fn insight into the feasibility and
The purpose of this report is to analyze the extent of reliability improvement efforts.
important aspects of Failure Mode nnd Effect
Anilyss, relate them to reliability improve- The failure ode is the manner in which the
men and, consequently, Reliability Improve- component, subsystem or system has failed.
ment Warrntties. It examines the structure T r analysis also involves a consideration
and use of the FMe A Failure-Critcalty Grid, of the failure cause, or that situation
a new tool which, when associated with the which results in the failure mode. Also it is
FImrA, nables the condenstion of the full necessary to determEne the effect which the
depth cf the information of the Fi.A and pre- failure mode has on the system, or on those
sents a: in form which is clear and ebi ily components or subsystems directly relaed to
valuaed the failed item. In order to improve theeffec-

tavenss of the analysislnd make eadily ip-

THE CURRENT ROLE AND FHEA parent the seri,)usness of any one particular
failure mode. Each failure effect is classifiedPx its crilr. y, tv. t toveqsll.ye pr

Failure Mode and Effect Analysis is a poten- rmance. 8nC ct a y c ,,1yc~aAVon

387



pr tmlrily follows the guidelines of Table 1.

TAdLE I

CRITICALITY CLASSIFICATIONS

CLAS;
IV CATASTROPHIC Any single failure which could potentially

cause the complete loss of the system, or
cause death of injury to personnel.

IiI CRITICAL Any failure which could potentially cause any
of the following:
1. The function or mission of the system to
be aborted without loss of equipment or
endangering personnel.
2. A condition which althoughenabling the
sybLcu to function, could become more serious.
3. A hazardous condition which is repairable
during system operation.

11 NON-CRITICAL Any failure which degrades the pertormsnce
of the system and results in the function
or mission being aborted or the loss of any
automatic control capabilities.

I MINOR Any failure which does not degrade the per-
formance of the system, any type of failure
other than those of Class I, II, or III,
which requires corrective action.

A Hypothetical System temperature signals to the instrument and

monitor stage. Although not included in the

The value of the FHEA lies in its systematic analysis, the relationship of the electrical

appronch, and by using the preceeding defi- control stage to the over-all system is also
nftioni it is possible to establish a se- shown.
quence of events for the development of a
iMEA. First, the system being analyzed must Each of the major functional areas may also
be fully identified as to its nomenclature, consist of functional sub-areas. and in a
function and composition including a de- complex system this chain of interrelation-
scription of the associated subsystems. In ships may be quite complex. Therefore, the
addition, it is. necessary to identify those next step of the analysis is to establish.
associated subsystems which are to be ex- some means for the identificntion of the
cluded from the analysis. For our purposes, level of these relationships, or the inden-
we sholl identify the system being analyzed ture level. The first indenture level in
as a high pressure air compressor which will, that of the complete compressor system and

hypothetically, be used to supplyall the will be indicated by '0'. The second level
high pressure air for a varied number of is that of the major functional areas, in-
operation. Thissystem La a modification of strumentation and monitors, compressor,

that presented by Stump (1) in that it in- motor, lubrication, and cooling and moisture

corporates a more comprehensive indenture separation, and these will be numbered,

level ident.ification schema. The compressor respectively, 0.1, 0.2, 0.3, 0.4, 0.5, as

will be an electric motor driven two cylinder, shown in Figure 1. The third indenture

four stage piston type .th closed, or re- level consists of those subsystems which

circulating, water coo. ,.ng and self-contained comprise each of these major areas. The
lubrication. Excluded from the analysis will breakdrwn for the instrumentation and oo-

be the power controller and the high pressure itor stage is shc'n in Figure 2. Each of
storage tank. Figure I shows the block the subsidiary block diagrams follow the same

diagram for this system, which breaks the concept in that they must completely identify

system into its functional arena, such as the subsystem function, show the input and

motor and compressor, end clearly shows the output relationships, and be clearly associa-
Inputs and outputs of oeah functiols area. ted with the next higher level diagram. This
Therefore, it can be easily seen that the system can be easily extended to the full
motor supplies torque of 4610 revolutions per depth of any system, so Phown in "'tgure 3
minute (rpm) to the vompreseor, the cooling which illuntr.us the breakdown -the
and moisture separation, and lubrication Lea&srsturo monitor subsystem n-',tZ' 0..4
a .tagri and that the compressor supplies out- in Figure 2. A unit designated by 0.1.4.1.4
puts of high pressure air and of pressure and can be readily identified, in a too-down

analysis, as belonging to the major system
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AUTOMATIC TEMPERATURE & PRESSURE

SHUT-DOWN SIGNALS INSrIU'tlMYNTATION READ-OLT

AIR PRESSURE RPLIETi s I 0.1

I/ TTEMPERATURE L PRESSURE) i SENSOR OUTPUTS

ELECTRICAL COePRESSOR HIGH PRESSURE AIR

CONTROL 0 2 3550 p.s.i.
385-415 degrees I

L.... _----J TORQUE 14.5 cfhI ~~~(4610 R/MIN) |/L-.--

ELECTRIC POWER HEATDa VOTOROIL

(4~o0 R/N) 0.4

LURCOOED CO LE

OIL

COOLING
SMOISTURL

SEPARATION

O.5

Figure 1 System Functional Block Diagram
Second Indenture Level

0, or the compressor system major functional an entry for failure rate or taipure
area 0.1, or the instrumentation and monitor probability. Both of these factors are de-
stage, subsystem 0.1.4, or the temperature rived from the information in the reliaiLhty
monitor, subunit 0.1.4,1, or the temperature anaiysia but have subtle diffeences. Fail-
sensor for the air J.,let, and finally to unit ure probability is the probability that a
0.1.4.1.4. or the fourth stage air inlet foilure will occur during a specified in-
temperature sensor. In addition, this inden- tervel of time and failure rate is the fre-

ture system allows each input or output signal quency ,t which failures occur over a

or function to be precisely designated. The specified interval of time. 7ailure prob-

signals for each individual unit can be num. ability is usually expressed as a number

bered consecutively and entered as a dashed between zero and one and failure rate is
number in the indenture level number. For normally expressed as he number of failures
example, the oil temperature signal shown occurring per unit operating hour. This
in Figure 2 would be designed as 0.1.4-3, in- type of information io generally beneficial
dicating that it is signal number three for because it provides some degree of cor-
unit 0.1.4. Although the system arrangement respondence to the likelihood of the occur-
seems somewhat complicated, in practice it is rence of a failure mode. The question arises,
quite simple to master and affords the analyst however, of how this Information can be

a brief end precise method of itemizing and effectively employed in assessing the pro-
accounting for each unit and signal within a gress of the system development, establishing

complex system. trade-offs with respect to the factors of
cst, schedule and performance, determining

The Failure-Criticality Grid the dollar impact of changes, or establiuhin
a reliability improvement program.

The format and content of a FMEA done by one The Failure-Criticality Grid shown in Fig-
contractor differs in form and content from ure 4, is a modification of that used by
that of another. However, most contsin either Stump (I) in that it more effectively
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Alil PRESSURE RI.AD-OL I STAGES
AlIR PIILSSURE 1: 2, 3, 4

-ailltII AlIR PRESSURF
0. .ItELIEF (SAFTY)

4 .. 'rA(;ES 1, 2. 3. i
WA-i:,l PRES,-u7.i j,.WATEPIt'llESSUiHP

W ATEIl PRESSURE . .READ-OUT
IIP S

r-. WATER PRESSI'?E
+_ . .. 11i;l.JrF (SAFETY)

,' OI L PRESSURE

{ IREAD-OUT

Oil, PI1ESSURIh "I-SU

[4*- 1,OW PRESSURE OIL

OUTPUT

AIR T..W R I- I
( l N L I)

O. 1.4 1 .. TEr?}PI{ .TUrLE

V.ONI '7Ol 4=, ALARM
AIR TEMPEMAERURATIUR

OnIl I .:MPi,;l,'aUIR l" EPRTR
.,. :.?,, READ-OUT

WATI;R TEMPEIRA!'6,,. "AUTOMATIC SHUT-

0. 1..1-4 1OFFS

Figure 2. Instrumentation and K'nitors
Third Indenture Lc,eL

incorporates the previously stated 4efloitiona. developmn, . The Faitlur.-Criticality Grid
The Failure-Criticality Grid is i-,r'nded to uses a to hnique of stratifying the failure
provide a method which will allow tts ac- probahitJty or failure rate information into
quisition manager and reliability enlireer decl.gnstef' tinge-s. It must be emphasized
to easily visualize the relationships of rhat the following discussion employs fuiltre
failure probability or failure rote and, rangen which are for example only.
criticality classification. This con L-3
especially-beneficial in efforts in deter- Stratiftcation, as used in the formulation of
mining the capability of the system to meot thv gailiLe-Criticelity grid presented here,
specific design goals and objectives a1- is the pro,.eu ,i divtdihRg tie probaiHlity
locating resources to critical areas of the lspace Into different ranges when oslr, .ailure
procurement effort, eatablishing the Impact probability data. (l) For failure rate date,
of disli!n changes, and In determining the the atea ot stratification could, for example,
program, and maturity of the system cnver feim zero failures per unit time to the
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TEMPERATURE SENSOR

AIR INLET

0.1.4.1

STAGE 1 0.1.4.1.1AUOAi

STAGE 2 0.1.4.1.2 - SHUT-OFF

STAGE 3 0.1.4.1.3 0.1.1.6

STAGE 4 0.1.4.1.4

CONTRO,
BOX

TEMPERATURE SENSOR

AIR DISCHARGE

0.1.4.2 TEMPERATURE
READ-OUT

STAGE 1 0.1.4.2.1 , INCLUDES GAUGE
MANUAL O

STAGE 2 0.1.4.2.2 SWITCHING 0.1.4.7

STAGE 3 0.1.4.2.3

STAGE 4 0.1.4.2.4--

0.1.4.5

TEMPERATURE SENSORI

WATER ALARM
LIGHT

0.1.4.3
0.1.4.8

'TEMPERATURE SENSOR

OIL

0.1.4.4

Figure 3. Temperature Monitor

Fourth Indenture Level

maximum specified failures per unit time. actual use in a procurement effort, these
The ranges are flexible and can be adjusted factors would be based upon the specificatin
in size and number according to the system and the requirements of the particular pro-
specification and the requirements of the gram.
program management. The stratification
shown in Table 2 11 u-ed for the aample The Failure-Criticality Grid is a method
Failure-Criticality Grid presented hare, which can be employed to quickly and ef-
Again, it must be emphasized that the failure ficiently determine the relationship of the
rangea, failure probnbilities and failure criticality claasification and the failure
rates used herein are for example only. In range, as determined by the stratification
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- A

0.1-2
0.1-3
0.2-1
0.2-1

IV 0.2-S!
0.4
0.5
0.5
0.1.4-3

0.2-1 0.1-1
0.3 0.1.4-1

Z 0.3
0 0.3

III 0.4
o 0.5

0.5
0.1.4-2

0.2-1 0.1-3
0.1.4-2

II 0.1.4-3

0.1-1 0.2-1 0.1-2
0.2-2 0.1.4-1

I

1 2 3 4

FAILURE RANGE

Figure 4. Failur2 -Criticality Grid

technique. As entries are made in the Grid, factors, and is designcted by the indenture
the distribution of the failure modes, specd- l,..sel reference notation described earlier.
ed by unit and signal reference number, be-
cone apparent. The Grid shown in Figure 4 Due to its size and complexity a FMEA ac-
is for thi system shown in Figure 1 The complished with current terhnit,%es , extreme-
vertical axis represents the failure ranges ly difficult to analyze with respec" ,v. the
obtained after stratification. Each failure relative occurcence of any single criticality
mode is then assigned to its respective I- classification and the distribution of all
carton n the matrix hased upon these two criticality clssaificntions over th- entire
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S I 'ABLE 2 increOIsed visibihty oR Eihe procurement effo-t

and result in increased managerial efficiency.

STRATIFICATION OF FAILURE RANGES USE'D IN 'tE lhe benefits to be derived from the use of the
•FAILURE-CRITICJaLITY G;RID Failure-Criticality Grid can be directly

applied to a comprehensive program of re-
RANGE liability improvement.

I Failure probability which is less
I than or equal to 0.01; very low. The advantages of the Fnilure-triticality

Failure rate of one or less failures Grid in enhancing the reliability improvement
per year. of an acquisition effort are apparent. iirst,

it provides the ielibiLity engineer with a
2 Failure probability which is greater clear and concise presentation of tihe major

than 0.01 and less than or equal to system problem areas. Additionally, it ahows
0.10; low. tie distribution of these critical areas
Failure rate of more than one failure through the full range of criticality classi-Iftethere han onetfalenginenr

per year and ten or less failures fications. If the re-ability engineer i

per year. careful in the structuring of the stratttica-
tion of the failure probability or failure

3 Failure probability which is greater rate, data, the data takes on edded meaning
than 0.10 and less than or equal by clearly showingthe relationship between

to 0.20; medium, the criticality classification and the fail-
A Failure rate of more than ten ure data. The Failure-Criticality Grid can

failures per year and twenty or less also be employed by the acquisition manager
failures per year. in his efforts to properly allocate re-

sources to the system development. Critical
4 Failures probability which is greater areas which demand priority attei'ton are

than 0.20; high. no longer buried in the complexity of the
Failure rate of greater than twenty FiIEA and become obvious. Most importantly
failures per year. for the purposes of reliability improvement,

the Filure-Criticality Grid provides a
vehicle for evaluating the changes whi.h

system. The Failure-Criticality Grid clearly occur due to design changes made in response
iulfills this need. The primary benefit of to reliability improvement iequiremen.s. By
this method is the immediate visibility of showing the distribution of failure modes

the entire system development, across all major subsystem., the impact of
reliability improvement efforts become

If a reliability engineer should establish the obvious. When used in conjunction with the
goal of reducing the number of Category III Failure-Criticality Grid, the FMEA takes -n
and IV failures, as well he should, the increased value and cost-effectiveness.
Failure-Criticality Grid offers him a vehicle
with which to measure the success of his The reliability of tile system is a factor
effort. In addition, he can determine the which must be considered throughout the
change in status of the failure modes for the entire acquiait'on cycle. Clearly, if the

entire system. For example, if a design system is not r ,table then Its iceasibility
change were implemented to eliminate the Cate- for fulfilling the defense objective is
gory Ill-Range 3 failure mode, referenced by negated. The impact of design chsnges
0.1-1 in Figure 4, and this change resulted the types and distribution of failures, tie
in a shift of this failure mode to Category causes and effects of failures, the symp-
IV-Range I, the change would be obvious with toms and detectability of failures, and
the use of the Grid. Current FMEA procedures the interrelationships of subsystems are all
require that a large portion of the FKEA factors which influence .eliability.
would have to be analyzed before such a change Accordingly. the FMEA, and its associated
would be apparent. The Grid of Figure 4 shows Failure-Criticality Grid, are methods by

a large cluster of failure modes in Category which each of these factors cat. be assessed.
IV-Range 1. Perhaps an acquisition manager However, this study has found that little
might want to allocate resources to change -ase is made of the FNEA in this context.
this situation. Under current practices, A great deal of the informetion which is
this grouping of failure modes would be hidden used to evaluate the maintainability of a
in the complexity of the FMEA. Nearly every system ib drawn from the reliability
occurrence which changes the criticality analysis because of the numerical determin-
classification or failure range of a specific ations made !or such factors as mean-time-
failure mode is made clear through the use to-repair (t?TR), mean-time-between-tailure
of the Failure-Criticality Grid. In addition, (NTBF), mean-time-between-repiacement (1ITBR),
the impact of such a change upon the entire maintenance downtime (MI)T), and total turn-
system configuration ia readily P,.oarent. around time (TAT). The FMEA is not
Essentially, the Grid can provive the acquisi- structured to provide the calculations for
tion manager and reliability engineer with these factors, and it should not be.
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However, the FMEA can provide the information
needed to make a qualitative evaluation of
reliability improvement because if does
show the reldtive impact of design changes,
and emphasizes those areas of failure which

an caue 
-
ignifico

n t 
maintenance problems.

The iaiiune Mode and Effect Analysis also
shows the sub-vsten telationships involved
In the system and can indicate the existence
o pzoble:i ateas which may not be apparent
by the numb r a one.

SUMMARY

railure Mode and Effect Analysis and re-

a'lbILty Improvement are closely linked.
fi , 1 1 descrIpt ion of ) hypothetical
compreq;,)n ,:-t -. the fundamental com-
poter.-s of a t'MEh have been considered.
This description has been oriented toward
a des'"iptio-i of the mate-up and use of
a new analytical tool. knovn as the Failure-
-ic'ality Grid. The Grid, when used in
conjdnction wtth the FEA, offers the
tocquisitton manager and reliability
engineer P valuable vehicle for the clear
and concise presentation of the data
contained in the FMA, and enables an
effckient evalation of the effectiveesas
of re)ie!'tlity improvement efforts.i
lhe true validity and cost effectiveness
of the 1.MA process lies in its capability
to be applied to a diverse number of areas
of the procuremen- effort. 'his study
has found that the current structure of
FMI.A and the general philosophy surrounding
itst use hc-.'e acted as deterent- to its
be.ng employed to its full potential. This
ts esperiallv tiue ,n the broad area of
reliability improvement. A change in the
current philosophy, and the subsequent
change In the pr,oedvtres, can result in
a zwider ,se and acceptance o' FI1EA. As
the scone of ",OA use increases to cover
nocc aspects o! the procurement effort, its
'..ilid.t,' dnd -o,. e ffect ivenesa increase.
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I
PROCUREMENT/ACQUISITION RESEARCH AND THE CIVIL AGENCIES

Joseph C. Spagnola, Jr.

Acting Assistant Director for Research
Federal Acquisition Institute

INTRODUCTION stated that:

"The rationale for Mr. Clifford's
In a September 30, 1977, General Accounting proposal, we surmise, is based on the

Office (GAO) report, entitled "An Organized consideration that so much of procure-
Approach to Improving Federal Procurement and ment research today is done essentially
Acquisition Practices," it was reported that: on a fast-reaction basis, in response

to immediate problems, with short-term
"Today a program of organized research results. Innovations or improvements

into Fedetal procurement and acquisi- which do come about are not necessarily
in pactices does not exihtn ai-gh to the attenoon of other
government-wide basis or within an procuring activities. S~milazly,
executive department. The present improvements which may be developed in
pattern of research efforts by industry or in the academic world ay
executive agencies is mixed, ranging be missed. Even where Innovatfons see
from no program to a few efforts in the light of day, tiere may be long
DoD." (11:2) delays before they are exploited by the

Defense Department's many procuring

The formalization of procurement/acqulsition activities or agencies. A procurement
research within the Federal Government had its research laboratory in our opinion
srart within the Department of Defense (DoD) would:

recomrendations of the Defense Procurement Tdentify and exploit new and

Pricing Conference held in Hershey, Pennsyl- significant business methods;
vania, in November 1967, was to establish a
DoD procurement research laboratory. Although Develor, test, and innovate procure-

this recommendation wes not implemented, ment methods on a systematic and
individual DoD components moved to set up centralized basis;
formal procurement research organizations and,
recently, iDt'D initiated a program to establish Effect coordination of such efforts
a research planning system by organizing the within the Department of Defense;
DoD Acquisition Research Council (ARC). On
the civil agency side, there have been no Test or simulate the impact of major
formalized programs to the extent of establish- ..ew policies and procedures on
ing agency procurement research centers or government activities and industry
organizations. However, there has been, and prior to their issuance;
continues to be, procurement research
accomplished and/or sponsored by several civil And provide an in-house consulting
agencies. Much of the significance of this and training capability to hasten
research is being lost or overlooked due to a the exploitation of si~nificant
lack of understanding and a clear definition of developments."
what constitutes procurement research.

Although the idea of a DoD procurement research
laboratory--in several forms--was discussed,

BACKGROUND including use of the Logistics Management
Institute, different views among the services
postponed indefinitely any unified effort.

In orcer to urerstand the state of procurement While the above events transpired, the Army
research in the civil agencies, it is firsL established its Procurement Research Office

necessary te re~tew briefly the history of (APRO) in 1969. Subsequently, the Air Force
procurement research in DoD and the other organized the Business Management Research
forces and organizations leading to the present Center (AFBMRC) in 1973; the Navy !ts a:qulsi-

tion research program in 1977 (presently being
In January 1969, following the recommendation restructured); and the Defense Systems Manage-
or the Hershey Conference, Secretary of Defense ment College (DSHC), also in 1977. initiated a
Clark Cliffocd, in his prepared statement formalized program of acquisition research.
regarding the 1970 Deferee budget and Defense

program, proposed that a procurement research External to the DnD efforts, in 1970 Study
laboratory be established. Later, a House Group No. 5, Organization and Personnel of the
Co=uittee on Covernent Operations report Commission on Government Procurement (COGP),
(House Resort No. 91-1719, December 10, 1970) discussed procurement research during its
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scrips of civil agency visits, and found that of individual agencies. It might al,
somi igencies did not favor internal agency conduct research relating to a particu-
re iearch. This was due, in some instances, to tar agency at the request of the Agvn,'v
an agtcy'o low volume of procurement and, in concerned. The FPF should also
othtr cases, because the agency felt that: coordinate the planning and Imple-

mentation of procurement research
ad hoc management studies, in lieu of conducted or sponsored by the varlous
formal research programs, are more Federal agencies to avoid duplication
.ffecttvo In solving their problems; or overlapping." (5:8)

an agency program would impose an The next milestone in the evolution of procure-
undue burden on its resources and ment research (and one of the most
could result in research duplication; signiffcant) occurred with the establishment
and of the Office of Federal Procurement Policy

(OFPP).
a joint interagency or government-
wide approach is more economical and Public Law 93-400, enacted on August 10, 197.,.
reaistic for meeting agency research established the OFPP in the Office of Manage-
needs. (1:758) ment and Budget (OMB) to provide overall

direction of procurement policy and tc. fmprowv,
In its final report, the COGP recommended the the economy, efficiency, and effectiveness of
estabJihment of a "Federal Procurement Insti- the procurement of property and services by
tute" and listed its responsibilities in the the executive agencies. The creation of OrPr
field of research aN follows: an the focal point for Federal procurement

policy implemented the first recommendation of
"Conduct and sponsor research in pro- the Commission on Government Procurement.
curement policy and procedure. (This
function would encompass the concept Public Law 93-400 set forth six functions for
of the 'Procurement Research Laboratory' the Office of Federal Procurement Policy and,
an discus3ed in House Report 91-1719, although only one is directly concerned with
December.lO,.1970.) procurement resecrch, all are paraphrased

olow due to their interrelationship:

"Establish and maintain 
a central

rep~sitory and research library in I. Establish a system of coordinated
the field of Federal procurement and and, to the extent feasible, uniform
grants. procurement regulations.

"Offer a program, similar to Sloan 2. Establish criteria for soliciting
Fellowships, for Federal and industry the viewpoints of interested parties
personnel. This program would provide in the development of procurement
a period of study and research at the policies and regulations.
Institute or related institutions.

3. Monitor and revise policies
"Maintain liaison with professional relating to reliance by the Govern-
organizations; participate in inter- ment on the private sector to provide
governmental and international needed property and services.
procurement conferences and related
activities." (2:52) 4. Promote and conduct research in

procurement policy matters.
The Conmission's report and subsequent inter-
agency, task group reports to establish an 5. Establish a Government-wide
executive branch position on the Commission's procurement data system.
recommendation stated t.-

6. Recommend and promote programs
.'Las the DoD research7 centers will for recruitment, training, career
stress DoD procurement, it appears development, and performance evnluo;-
that a gap exists insofar as procure- tion of procurement personnel.
ment research in other agencies is
:concerned. The Work Group believes For the first time, &j a result of the Act,
this gap should be filled. As DOD can there is a statutory responsibility to promote
best meet its own research needs, it and conduct procurement research. Although
should proceed with its present plans the Act does not describe or define procurement
and actions. Other agencies should research, the legislative hj"torv nf P.L. 93-
also be encouraged to conduct their 400 makes it clear that Congress vi...d 'he
own research in the procurement field. responsibilities of OFPP in a broad sense,
The, FF1 should conduct or sponsor that encompassing the areas covered by the 149
research whlch is of Government-wide recommendations of the COGP. Taking the Act
intorest or which is beyond the scope and the legislative history into conriderattun,
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it is obvious that the scope of "procurement ot the most significant things to come out of
research" can be considered in a very broad tlaj meeting was the definition of toe role of
context, including the full range of functions OFPP and FAT, made by Mr. LeRoy Haugh,
and activities of the OFPP. Associate Administrator for Regulations and

Procedures, OFPP, who has the responsibility
In July 1976, Hugh Witt, the first Administra- for procurement research within the Office of
tor for Federal Procurement Policy, established Federal Procurement Policy. Mr. Haugh
the Federal Procurement Institute (FPI) by a characterized the role of OFPP in procurement
"Memorandum to Heads of Executive Departments research as one of policy maki,?g and program
and Agencies," which set forth the following initiation, and that the FAT would act as its
objective for procurement research: operational entity in accomplishing specific

research programs.
"promote, monitor, and conduct
research to develop business methods As a result of this meeting, Air Force repre-

and management techniques that will sentatives agreed to draft a research guide
advance the state-of-the-art in with Army input and DSMC assistance. The four
procurement." DOD centers, OFPP, and FAT agreeJ to t.eet in

late November to begin to prepare a five-year
The establish-ent of the FPI was later annual plan, using the elements of a planning
endorsed by a "Memorandum of Understanding and system prepared by the FAI as the initial
Plan for Sponsorship, Organization and Opera- framework.
tion of the Federal Procurement Institute,"
originally signed by 20 agencies during 1976 The first plan was to rep:esent the aprreate
(24 as of April 1978). This 4O1 reiterated of requirements, projects, and funding for the
the above research bjective, stating that: six participants and ta provide tie procedural

basis for future growth. The FAT agreed to
...the FPI will be the focal point devote one man-year of effort to determine

for coordinating the Government-wide civil agency research needs that would be
planning, development, implementation, merged into a goverrnent-wlde plan at . later
and evaluation of programs in the areas date.
of procurement research, education and
training, and career development." The second procurement Pnd business research

planning session was held on November ?9. 1917,
It further stated that the FPI would work in where attendees from three DoD procurecent and
cooperation with the participating agencies, acquisition research centers, the Experimental
the Civil Service Commission, and the OFPP in Technology Incentives Program (EiIP) of the
carrying out its stated objectives. National Bureau of Standards, National

Aeronautics and Space Administrarlon (NASA).
HUD, and DOE took a f'rst cut in structurling a

THE FEDERAL PROCURL14ENT/ACQUISITION INSTITUTE five-year procurement and business research

AND PROCUREMENT RESEARCH plan based upon real and perceived reset h
requirements.

On September 9, 1977, Dr. Johr. J. Bennett was In December 1977, the Acquisition Research
sworn in as the first Director of the Federal Council (ARC) was formed within DoD. The ARC
Procurement Institute (changed to the Federal is chaired by Yr. Dale Church, Deputy Under

Acquisition Institute as of March 1, 1Q78), Secretary of Defense (Acquisition Policy), and
and plans were immediately ini:iated to includes acquisition executive officials from
structure a procurement and business research the Office of the Secretary of Defense (OSV)
program as one of the Institute's primary func- and the military departments, as well as the
tions (the other primary areas being education Commandant, DSMC, and the Director of the FAT.
and training and career development). In the two previous planning sessions, the FAT

had met with representatives from the Do)
One of the first steps taken by the Federal procurement and acquisition research centers.
Acquisition Institute (FAI) to build its Under a new arrangement discussed at the first

research efforts was to hold a Procurement and ARC planning sessio', the FAT was now tc work
Business Research Planning Meeting on October jointly with an.' rtrough the DSMC, who would
27, 1977, to initiate the development of a act as the execuclve agent for DOD acquisition
"Federal Procurement and Business Research research.
Planning System." Attendees from OFPP, the
Department of Energy (DOE), the Department of The Acquisition Research Council then held Its
Housing and Urban Development (HUD), and the first meeting under the direction of its
four DoD procurement and acquisition research chairman, Mr. Church, in January 1978.
centers met informally to discuss OFPP and FAT Representatives from the Army, Navy, Air
research roles, review DOD experience, discuss Force, Defense Logistlcs Agency (DLA), DSMC,
civil agency requirements, and to consider a and the FAI attended, and discussions were
broad FAI approach to research planning. One held on the proposed membership and organiza-

tion of the Council. The Council's planning
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arm at the military department level, the Dol, procurement research has been
"Acquisition Research Coordinating Committee," going on for about 6 years. Even so,
also held its ,irst meeting in January, and the the general condition is one of
Director, FAI, will be a -ember of both Insufficiett momentum.
organizations. The Dlo is curreatly circulat-
ing a draft directive (DoD Directive 4105.68, "Some agencies expect the newly
dated March 10, 1978) which describes the emerging Federal Procurement Insti-
procedures, "esponsibill!tIes, and membership of tute to carry this burden. The
both the ARC an! its coordinating committee, institute is only now being estab-

lished, however, and will tike some
time to bicome operationally

PROCURM4ENT RESEARCH AND effective. Even then it will not
THE CIVIL AGENCIES perform research roles for the

individual agencies." (ll:i-1i)

Paralleling the initial planning research In view of its findings, the GAO recommended
efforts of the FAT and the establishment of to OMB the establishment of a strong prograu
DoP'b ARr. the rAO report on procurement for procurement and acquisition r. earch on a
research, "4n 3rg:anized Approach to improving government-wide basis. As part o' 'H'. pro-
Federal Procurevent and Acquisition Practices," gram, those agencies dependent upon p' Ire-
dated September 30. 1977, was sent to Congress nent and acquisition processes to carry out
and distributed throughout the government, their primary responsibilities would be

required to establish a continuing research
In the report, the GAO related that procure- effort to assure effective procurement and
ment practIces have become so important in the acquisicion.
scheme of Federal operations that large

povernment agencles--such as Defense, Energy, As envisioned by the GAO, such a program would
Transpertation, NASA, and GSA--depend upon enable agencies to:
systems, products, and services obtained from
privctte entetorise to do their job. These "o Correct and refine procedures on a
,ct.vities cost about $70 billion annually and continuing basis and cope with pro-
involve about 60,000 Federal workers. (1i:i) curement problems peculiat to

particular agencies as the diffi-
The GAO report also pointed out that: culties arise.

- over the past 30 years, procurement 'o Evaluate agency experiences in
has become more coTplex; procurement and acquisit!rn,

achieve innotative Improv.' ents,
- efforts to solve problems have deveLop training materials snd

resulted in a complex patchwork of participar in research of a
laws, methods, regulations, proce- government-wide nature."
d.res, and administrative
requirements; and Additionally, GAO discussed various uses of

such research and set forth a framework for
- not all the old problems have been organlzing and operating a procurement

solved and new ones continue to research nrogram, setting forth:
allse.

"o Definitions of the procurement
As t,, procurement research, GAO related that research function both narrow and
both the House Govetnment Operations Committee broad.
and the Commission on Government Procurement
recor.ended a continuing -rogram of research to "o Basic prerequisites for operating

make Federal procuremer iractices work better the proeram.
and to design and tert e best ways to carry

out new policies; i.e., using a scientific "o Rolea of participants, includinR
approach to improving Federal procurement. Federal agencies, the Federal

frocurement Institute, and the
The GAO also found that: office of Federal Procuremert

Policv.
"Currently, there are no procurement
research programs in some agencies. "o Considerations in screening
In others there are a few relatively research neods, selecting probers,
new ones. cond,:rting the r c e-r

-
r -rlf and

evaluating results.
"Civilian agencies generally are
re',ctant to undertake procurement In response to the GAO findings, Mr. Lester A.
reiearch. Within sorm quarters of Fettig. Administrator for Federal Procure=ent
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Policy, stated in a letter to the General short-term project to provide a working
Accounting Office: definition of procurement research and to

define appropriate policies for conducting such

"The Office of Management and Budget research. At this poirt, Mr. I.eRoy Haugh,
shares your concern that not enough OFPr stated that in DoD they tried not to
attention has been devoted in the past narrc- down definitions of research since they
to research of procurement problems, did not want procurement research to become
The summary of research activity now too esoteric and removed from real problem
being carried on, and the framework areas He further stated that DoD procurement
for an expanded program suggeaed in research waa a systematic approach to problem
your report, will be useful in promot- solving; which is what we are aiming for here
ing a Government-wide program. rather than trying to force the development of

formal research organizations on the civil
"In the second paragraph of the agencies. The next planning session of the
digest, you state, 'In retrospect, council was set for April 7, 1978.
the Improvements have not been
forthcoming due, in part, to the If the first civil agency research planning

lack of strong and sustained agency session could be characterized as one of
research efforts to get at root causes guarded optimism, the second session, held on
and make breakthrough improvements.' April 7, was by contrast quite enthusiastic.
I have no doubt that a strong program The second meeting was also chaired by
of procurement research will result in Dr. Bennett and attended by representatives of
significant improvements, but this 15 civil agencies, OFPP, FAT, and one observer
should be coupled with operational from the DSMC.
implementation considerations." (11:48)

The first order of business was for each

As a next step, Mr. Fettig, in a letter to council member to discuss procurement and
Dr. Bennett dated February 14, 1978, designated business research in their respective agencies.
the Federal Acquisition Institute to be the Since ETIP, NASA, and DOE have on-going
focal point, particularly for the civil research projects, their representatives had
agencies, to follow up on the GAO report. At been requested to prepare more extensive
the same time, Mr. Fettig, by a memorandum also briefings than the other members, a.d they led
dated February 14, 1978, requested civil agency off the discussions. Since this paper is con-
FAI Policy Board members to designate a pro- cerned with procurement/acquisition research
curement research representative to attend an in the civil agencies, the following is an
initial procurement research planning session agency-by-agency summary of their briefings
and to continue serving as their agency's and remarks:
focal point in working with the OFPP and the
FAI. ETIP, National Bureau of Standards, Department

of Commerce.

The first civil agency procurement/acquisition
research planning session w2s held on March 2, The ETIP procurement program objectives were
1978, and chaired by Dr. Bennett. The group listed as twofold:
was addressed by Mr. Fettig, who stressed the
importance and benefits that would occur from o To determine if government procurement
an organized plrogram of acquisition and can, through the use of procurement
procurement research. After considerable ais- incentives, stimulate private sector
cussion, the attendces, representing fifteen innovation.

civil agencies, unanimously agreed to consti-
tute the grouo as a "Civil Agency Acquisition o To develop a framework which relates the
Research Council" and to organize and develop a use of incentive techniques to agency,
charter as an FAX Interagency Specialized Work product, and industry characteristics.
Group (ISWG). During the discussions on a
proposed charter, it was agreed that the The strategy employed is to:

council's primary focus should be initially one
of better communication and coordination among o Conduct procurement experiments with
the agencies in the research area, and that the partner agencies that test particular
role of the FAI would be to operate the incentives.
organizational mechanism, coordinate activities
between the DoD ARC and the council, and pro- o Document and evaluate results.
vide research support for the council and its
agencies. In addition, the council would o Make policy recommendations.
recommend specific projects and recommend a
research budget for chase efforts.

During the ensuing discussion, it became
evident that there was a need for definitions,
and the ETIP representative agreed to take on a
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On-going programs, products, and involved technology or systems design growing out C'
agencies were: basic research.

17 t , .L. .. ,1.. : ', L''".1,,,, The Comptroller General's report to the
Congress (PSAD-77-128, September 30, 1977) mad, i

A. . .C' it very clear that it is important to add some T

... formality to our research program. With more
.,. formality, we will have an opportunity to

.,, .,, , ., 4 maximize tile results of our research and we
achieve a positive means through which we can

identify related activities being conducted by
,. otlier.. Although the report expresses a c.n-

cern relative to independent agency research

since it tends to "fractionalize and duplicate

efrr." we have been performing procurement

Tile ETIP Research Process was discussed, and research and plan to continue to do so. To

the following outline of the process was the extent that our efforts can be molded witih

presented: the efforts of others such as the nribers et
this Council and the Federal Acquisax;An

o Identify the Who cares? Institute, we should all benefit and our con-

decision maker cern will vanish.

o Obtain information What will it take My remaining comments will relate to our pro-

needs to convince you? gram in tnree time pheses: Past (prior to
PSAD-77-128); Transition (the "now" period);

" Preliminary feedback What will happen? and Future (how we plan to conduct our formal
program).

o Design What data do ue
get? Who gets It? Past Phase: We have a long history of

independent activities relating to many facets

o Implement Make the change of the acquisition process. The activities
have been performed both in-house and by the

o Evaluate What happened? private sector.

o eaExamples of some areas of prior applied" Recommends t Ions
research include:

The ETIP approach to Procurement Research was
given as: A systematic approach to problem Source Evawuaton and Selection (1967)

solvng.Ass, mtlos: () CrretlynotCost Plus Award Fee Contracting (1967)
- solving. Assumptions: (1) Currently not

enough information to make a decision; (2) NASA Acquisition Process (1971)

final product of research effort will be a Support Service Contract Stalfing (1976)
decision. Procurement Workload Measurement (j976)

NASA (Prepared remarks were furnished by the Following 3re some examples of approaches to
NASA representative.) research that we have carried on:

Although NASA has not had a formal program for Undergraduate work with several universities,

conducting procurement or acquisition research, including New Mexico State, Stanford, U.C.

we have been informally performing research to Davis, and University of Puget Sound:

support our acquisition process since our very
earliest days. Some of I- has been evolution-
ary end stimulated by t' more general growth State and University of Washington; and

of our profession. Ana -ome has been directed

by the challenge of the features of our Space Through Grants and a Consortium Agreement

Act and the unique role it provides NASA as we such as one with the University of Santa Clara
interface with the private sector. to study

We prefer to distinguiah between procurement - The procurement cycle through silnulatlol

basic and applied research. Both carry the
traditional definition. That is, it is a - Workload scheduling

studious inquiry or examination aimed at the

discovery and interpretation of facts, revision - Employee development procedures, and

of accepted theories or laws in light of new

facto, or practical application of such new or - Influences and apparent impact oA c,,n'ract

revise, theories or la~o. Basic research s type and structure.

consid.-red to be in the nature of social
sclene,, study while applied research is the
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Transition Phase: We are currenL:7 involved in 0 Contracts
several applied research activities which util- o Grants
Ize computer technology. The primary programs o Cooperative agreements
whikh have agency-wide impact include workload o Loans and loan guarantees

svbstem development and analysis; common data
base regulations; RFP, Purchase Order, and Currently, DOE's effor's are directed toward
Contract Writing; Sources and Capabilitie,: of simplifying the above processes and several of
A&E Firms and Minority Business Firms; and a the on-going procurement research efforts in
special program which "key words" our regula- these areas were discussed, and are summarized
tions for ease of reference. below:

Without anv sacrifice to on-goxng pro rama, we AUTOPRrPS
are also developing a formal or~anization
structure to provide direction and control for The AUTO'RFPS is currently an operational
our continuing program. We are currently prototype at the Space and Missile Systems
identifying persons within both NASA headquar- Organization (SAMSO) in Los Angeles, for
ters and field installations to serve on an programed contract writing, and procurement
acquisition research committee. The committee tracking and procurement management information
will include persons from both business and (the last two features are still being
engineering or scientific disciplines. We developed). Expanded development will include
plan to operate with a chairperson, plus five (I) programming DOE procurement regulations on
to seven members. the system; (2) using the AUTOPREPS cathode raY

tube terminals as source data entry devices for
The committee's primary duties will be to MIS data flowing to headquarters; (3) direct
identify all related business research access to TWX and mailgrami networks; (4) comn-
sponsored by NASA and to disseminate its re- municatlon to large computers containing
suits; maintain liaison with other agencies and procurement data banks; and (5) issuance of
the private sector so as to keep current with updated iegulatory matter requiring changes in
the efforts of others and to inform them of AUTOPREPS-stored text. Two prototype organiza-
our results; and to maintain an awareness of tions, to be operational by February 1979, are
the needs within NASA and to use that awareness planned. (The FAI is working with DOE, NASA,
as guidance toward areas which may be benefited and the USAF on this project as part of a
by research. When an area is identified, the larger automation project. It will be dis-
committee will develop a research plan. The cussed later in this paper.)
plan will synopsize the need, identify the most
promising investigative group (in-house, other Vendor File
agency, university, or other member(s) of the
private sector); establish the funding require- The multipurpose vendor file is expected to
ment; identify the period for performance; and serve industrial relations outreach program
recommend the principal investigator who is to needs; procurement operations needs; and as an
manage the program. The plan will be subject extensive data base edit for our procurement
to the approval of the NASA Director of Pro- management information systems. Our approachcurement (S. Evans). is to build on vendor Information existing in

out Contracts Information System (CIS) through
Future Phase: We expect to have our committee the mailing of computer-generated letters and
established and operating within the next two attached questionnaires (DOE Vendor Mailing
months. Our initial activity will be directed List form), keypunching of questionnaire res-
toward explaining what business research is and ponses, and editing up to a complete file on
in developing an agency-wide awareness of its existing contractors. New firms desiring to
benefits. As we perforn this initial activity, be added to the vendor file will complete the
we expect to develop a more complete inventory same questionnaire.
and identify additional research needs. We
will then be in a position to establish our Major tasks include the definition of data
research plans and contribute to the interface requirements, development of a new DOE Vendor
process outlined previously. Mailing List form, and software development.

We expect to be able to relate potential
DOE vendor capabilities with potential agency needs

through use of existing budget and reporting
"The DOE representative spoke on the reorganiza- codes, and to be able to relate planned pro-
tion and restructuring necessary as the agency curements to identified small business.
evolved from the AEC to ERDA to DOE; that the minority business, and labor surplus area
agency's primary purpose was to stimulate new business capabilities. The multipurpose vendor
developments in the energy field, and that it file is expected to be available in September
had a range of instruments for this purpose, 1978.
such as:

Improved Procurement Management Indicators
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SThe study of improved procurement management by May 1, 1978, in order that a revised
- Iindicators Is estimated to involve up to one charter could be ready in time for the next

m an-.year of professional contractor effort over council meeting scheduled for June 8. 1978.

a 1O-month period, with final implementation The proposed charter is reproduced below in
Santl test running through September 1979. We order to illustrate the type of organization

intend to initiate discussions very soon with and functions envisioned for this group.q

: the Logistics Management Institute, or a
y similar organization, toward drafting the

-'J

appropriate alreement. Generally, we believe CHIARTER OF THE
' that procurement management indicators should FEDERAL ACQUISITION INSTITUTEAl

dilffer between management levels, with separate CIVIL AGENCY-ACQUISITION RF-EARCII COUNCIL

indicators at the secretarial, headquarters
procurement and technical staff, and buying 1. PURPOSE.
a'ctivity top management levels.

A. The Civil Agency Acquisition
DOE Fee Curve Study Research Council (CAARC) is chartered as a

Federal Acquisition Institute (FAT) "Inter-
In additioai to the foregoing, DOE also has a agency Specialized Work Group" (TSWG), to act
fee curve currently being performed by as a quasi-operational arm Vt tli FAT in oider
the st i rv pouement mnagem e to plan, communicate, coordinate, an" r s onsor
study objective is to perform a study of DOE acquisition researe among the civil agency
dciining fee policies and procedures to det vers of the FAi .
mine If the present maximum fee curves are
tealstic and adequate to accomplish their B. The CAARC, composed of members from
intended purposes c all FA civil agencies, will report to and

advise the Director, FAo, who also serves as
iThe remaining agency representatives t the chairperson of the council.

council meeting briefly discussed helir
agencies' Involvement in the procurement and 11. MISSION. The mission of the CAARC is to*

busines research area.
A. Identify research needs Wiein andGeneral Services Administration across its member agencies and to communicate

these needs to the council-at-large and th
On-goiug efforts, by in-house staff, include: FA.

o Buying program improvements B. Coordinate and sponaor research
s Multiple award contract program () within a single agency, () among seveal

" Benchmark system for evaluation agencies, or (3) trhough the FAT, wich wil}
" Contract form simplification act as a program manager to oversee the
m Test case on tailor-made contract forms Initiation, progress, completion, and pilot-
o Annual money lease/purchase of personal testing of research projects as necessary.

property
o Marketing Division projects C. Develo,, a plan and/or planning v-
a Value Management Diviton projects teu n to accoplsh A and B above. This plan or

" rTI? Division and ETIP programs planning system will include a Droposed yearly
" LCC/OFPP charter to GSA budget for review by the FA Research Standing

Subcomm ittee and Budget Subcommittee, wh~o w.11
Several other departments (Commerce, HEV. forward a proposed budget to thle Director.
Veterans Administration, Justice, HUD, and FAm, to be Included as part of the Fia re-
Transportation) reported on various on-golng search proram budget.
study projects which are being accomplBshed on

an in-house basis with heir existing staffs. 111. COMPOSITION.

After the briefings an discussion on the A. The CAARC shall consist of members -
agency plega r contt prorduced representing all A civil agency members and
Captain Ron McDivitt, foSN, who heads up the the A .
research program at the DSMC and acts as i
Executive Secretary for the DoD Acquisition . These agencies are:
Research Council. Dr. Bennett proposed that
Captain McDivitt be made a member of the coun- a. Agriculture n
cil to provide liaion with oD procurement/ b. CSC

au.!ulsition research activities, and the c. CommerceeoneTl concurred. yt wi

A proposed charter, prepS.red by the FAb staff, f. GSA Fc
twas t.en briefly reviewed and discussedb g. tEo

Aenc comment on he charter were requested h. UD
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i. Interior The charter, after %gency Inputs, will be
J. Justice approved by the coun 11, the FAI IWC, and
k. Labor Dr. Bennett as the Di.,.ctor, FAI.
1. NASA
m. NSF Sithcj tho Civil Agoniy Acqulpittion leseaprch
n. SBA Council will act preivailly as a conmiunfunttio
o. State and coordinating body, it wi: be up to the FA!
p. Transportation to provide overall thrust and ma.mentum for
q. Treasury specific research projects. Two on-going
r. VA projects will serve to demonstrate the coordina-
s. FAI ton role that the FAI will play in relation to
t. OFPP the council.
u. DaD) (DSMC)

One of the first FAI research projects to
The term for a member of the demonstrate the benefits of overall FAI

council shall be at the discretion of his research management occurred during its first
agency. month of operation in September 1977. Prior to

the operational phase of the FAI, the OFPP had
B. The chairperson of the CAARC shall completed a Federal Government-wide survey of

be the Dirt:ctor, FAI. As chairperson, the "cost estimating" techniques emploved by the
member will be a nonvoting member of the various agencies and, after the formation of
council. the FAI, OFPP requested that it manage a

contract study effort in this area. During a
C. The Assistant Director for Research, review of other proposed research projects, it

FAI, shall be the executive secretary of the was discovered that the AFRO was abcut to under-
council, take a similar in-house Army stidy on cost

Zestimating techniques. Discussions were then
D. The vice-chairperson and other held with the Logistics Mpnagement Institute

positions shall be selected by a simple (LMI), the support contractor for the OFPP
majority of the council membership. study, and with Dr. Paul Arvis, Director, APRO.

As a result, instead of two isolated studies,
IV. AGENCY SUPPORT both efforts were joined into one project

benefiting from the combined funding of OFPP
A. The Director, FAI, provides technical and AFRO. The study and agencies to be visited

or administrative assistance needed by the were divided between LMI and APRO, with APRO
council, including WAE part-time employees as as the preject manager, responsible for pre-
deemed necessary. piration of the final report with Input from

LMI. FAI is acting as the overall manager of
B. Expenses encountered by council mem- tha study for the OFPP, and the project has

bers shall be the responsibility of the parent benefited from the synergistic effect of com-
agencies. bined funding and the merging of two similar

projects into a larger and more comprehensive
V. DESCRIPTION OF DUTIES effort.

A. The CAARC advises the Director, PAI, The "Automation" ISWG being formed by the FAI
on the overail aspects of acquisition research is another project that is setting a pattern
in accordance with its mission. for future efforts. It evolved from the three

DOE automation projects previously discussed
B. The council respcds to requests or (i.e., ADTOPREPS, vendor file, and Improved

assignments from the Director, FAT (as chair- management indicators). The DOE, in February
person of the council), and from member 1978, set up a cooperative effort with NASA and
agencies, the Air Force to install and pilot-test these

projects. Upon learning of them, the FAI asked
C. Procedures for presenting the advice, the DOE to take a lead agency role and chair

findings, and recomendations of the council an "Automation" ISWG, which was accepted by DOE
should be flexible yet consistent with the in a letter to Dr. Bennett dated April 7, 1978.
group s purpose. Under this arrangement, the ISWG will overseo

the pilot test and, through a part-time
D. The council chairporson shall submit employee supplied by the FAI, conduct a

each report or plan through the Research government-wide survry on automation currently
Standing Subcommittee and Budget Comittee to employed in the procurement and acquisition
the IWC. process. The ISWG reports on thete efforts

will then be furnished to all FAT member
The number and frequency of the meetings will agencies, who can ie this information to
be determined by the council; however, during assist them in the. own automation projects.
the organizational phase, quarterly meetings The CAARC was very receptive to this project
are being scheduled. since several member agencies were planning to
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develop or look into automation of their pro- several interpretations, some misleading,
cesaes. the term "procurement research." The su.de

will build on several long-range projects that
Civil Agency User Needs Study have been in progress for several year,, betwet

the AFBRMC and the Air Force Institut- of
The FAT is also planning a direct program of Technology. These concerted efforts have
one-year us.': needs study. Dr. Richard student theses efforts in defining procurene:nt

Lorette, as of April 17, is on an intergovern- research (7:90-99), construction of seqiential
mental transfer from the University of "esearch needs (3:2-11), and a taxonomy of
Southern California for a period of one year research for procurement (4:51).
and will have as his primary responsibility

the accomplishment of this study. On a day-to-day basis, the guide can be used to
rovide a basis of co=unica:ion betueer user

Using th,. members of the CAARC as starting and researcher to deoine the need or problem
points, Dr. Lorette will visit each agency to ano to .&certain the level of effort necessary
disc',ss their procurement and acquisition to study and/or renearch the area. On-
problems. This effort vill include recommenda- important aspect that t.he >. de wl'l illustrate
Liont, for - o - rall planning system, which is that a formal organIzaticn isr- a iorere-
will Include e framework of contract adminis- quisite to accomplishing procurermi., :_ ,arch
tration research needs/projects and a basis since the levels of effort csn range from a
for assigning priorities, allocations, and one-man staff study to ad hoc groups, a
resources to do the research worh. master's thesis, contract research, tc a

doctoral disaeir.tion (8:27). This type of
There are also several on-going and proposed informati,n will be particularly valuable In
FAT research projects on developing the "tools stressing the user need aspect, of procurement
of research" that will be of benefit to the research an the need for collecting many
procurement comunity, in general, and will be agency in-house or contracte procurement or
of particular value in working with the civil business research efforts.
agencies. Among thcse tools of research pro-
I.cts are the following: The FAT Library

Federal Research Cataloging System Another valuable FAT tool of research is tle
FAT library. The library is unaiue in that

This project has been undertaken for the FAT its collection focuses on procurt.er.t bools,
by the Arory Procurement Research Office under periodicals, reser.jh worew, an, unpublished
the direction of Dr. Panl Arviu. The initial papers generally not found In ot ,or lihiaries.
effort of this project will be to update and As the FAT and civil agency prog-ams evolve.
expand two guides that the APRO prepares for the librvry's mat..rials and servicer will ,lay

PoD use on a government-wide basis. These two an increasingly valuable role ab at, ituformation
documents are: (1) "A Guide to Source of center, clearinghouse, and reference sezice
nformation for Procurement Research," and for both users and researcher'.
(2) "Resources for Performing Procurement
Reseorch." The expansion and consol!dation of University Research Cnnsortium
these documents will be of obvious benefit to
the operational user and researcher in the The FAI is also planning to sponsor
civil agencies by providing them with informsa- universit research consortium rroject. In Ita
dion on teseArch resources and existing first phase, a consortium would focus on text-
information centers, data banks, and published bhok and faculty development, Lhen evolve to a
materials, program of univeralt, research. Currently. the

FAI has three activitls in this area underwv:Procurement/Acquisition Research Policy and tracking j, Georgetown University study on

Planning Guide Federal msn,:gement research sponsored by the
Civil Service Commission, working with Amce,an

This project is also a jointly sponsored effort University o get HUD grantp assistance for
undertaken for the FAT by LTC Daniel Strayer, joint Amcrican University/FAl degree programs.
Executive Director of the Air Force Business and as,,Inting Harvard University to obtain a
Research Management Center. The purpose of Nationa nstitute of Elcntlon grant to form
this program is to prepare a guide vhich the lend consortium effort. One of the primary
defines procurement and buelness research, sets lon.--ranR goals of this rrosram will be to
forth Federal roles and responsibilit'es, out- provide a s.zurce of procuremet/acquisltior .nd
lines various research processes, identifies assistance research for the civil a, encies.
research methods, and will provide other
guidelines for accomplishing proc.ureteut/acqui- Future Program,
sition and business research. The need for
this g -ide has become readily alprent when As the efforts of the FAT and the CAARC evolve,
discussing procurement teoearch with many of we can expect move joint agency research
rite cil %gency repreuentntives who have projects nt d programs. In the tw", i' Iit iencv
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council meetings thus far, there has already (6) Interagency Work Croup Report, Proposed
been a strong indication of a commonality of Executive Branch Position for Recommenda-
problems and needs and a willingness to tion OA-21 of the Report of the Co=mission
communicate ane/or cooperate on various on- on Government Procurement, unpublished,
going and proposed research efforts. In order (Washington, DC, August 24, 1973).
to work towaid the goals discussed in this
paper, the FAi will support the CAARC with a (7) Judson. Robert, "Defining Procurement
user needs survey and develop recommendations Research," address to the Second DoD
for a planning system. These efforts will take Procurement Syrnosiuw, as reprlnied In
into account the persounel shortage that pre- ProceedAnas-Iecond D)oD Procurement
cludes formal research organization and will Research Symposium: Procurcrent Problems--
concentrate on developing a program that will A Challenge for Procurement Research,
make maximum usae of existing in-house capabil- (Naval Postgraduate School: Monterey, CA,
ities, contracting out efforts to assist May 1-3, 1973), pp. 90-99.
managenent in the procurement/acquisition
research area, and the use of the proposed (8) Strayer, LTC Daniel E., USAF, ane KIL

university consortium. Lyle W. Lockwood, USAF, EvaluatIn
Research Needs and Validattng Research

During the next several years, as we move toward Results, paper presented to the Fifth
a single government-wide acquisition statute DoD Procurement Symposium. as reprinted
and acquisition regulation, the commonality of in The Fifth Annual Department cf Defense
problems and research needs will serve to bring Procurement Research Symposium, (Naval
all Federal agencies, civil and DoD, into a Postgraduate School: Monterey, CA,
closer need for cooperation and jointly November 17-19, 1976), pp. 11-33.
sponsored research programs that may eventually
be merged into one Federal acquisition research (9) U.S. Army Procurement Research Office, A
planning system. Guide to Sources of Information fo

Procurement Research., (U.S. Army Logistics
Management Center: Ft Lee, VA, August

REFERENCES 1975).

(10) U.S. Army Procurement Resea-ch Office,
(1) Commission on Government Procurement, Final Resources for Performing Procurement

Report. Study Group 5, Organization and Research, (U.S. Army Logistics Management
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Printing Office: Washington, DC, February
1972). (11) U.S. General Accounting Office, An

Organi d Approach to Improving Federal
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1972).
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Strayer, Sequential Research Needs in the
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Needs into Action," held at West Point, NY:
U.S. Military Academy, June 22-24, 1977.
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DEVELOPING A PROCUREMENT EXPERIMENTATION SYSTEM

Victor Berlin, National Bureau of Standards, U.S. Department of Commerce

ABSTRACT changes in procutement policies and pra,'tice,

and for analyzing the effects of such changes

on the agencies themselves and on the privut,

To ditcuss the use ot administrative experi- sector 13l. What follows is a brief descri:-

mestation in testing changes in acquisition tion of one approach used by ETIP to d(-Vi.;
and procurement procedures and policy. This such I system.

pinel will serve as a forum for describing
past and current experiments as well as for
Identifying opportunities for new experiments. TA!AT IS A PROCUREMENT EX'ERIMENTATION SYSTIM

INTRODUCTION A procurement .xprimentation system can best
be described by ourlinlnc the kind- of
services it, can provide to pote,." I sgovern-

Government procurement agencies and units are mant ard industry users. These ser%;cev are

faced with a number of continuing issues, broken down into four categories:

They include, but are not restricted to, the

following: * Identifying opportunities for procuirement
tests or chanpes for government agencieq.

" 'What products or services should we buy? 0 Determini ng the feasibility of such t,,sts.

" How should we buy those products or

services? * Designing the tests.

" low qhould those products or uervices be * Assessing the effect of the tests on the

stored, delivered, etc.? agencies conducting ther, and the ihdustr-"
affected (4).

* How can I make an award to the best bidder'

" 'ow can I effectively spend our budget? IDENTIFYING OPPORTUNITIES

Because of changing user requirements, changing
technologies, changing market structures and An opportunity for a procurement z.'t o,

the like, these issues must be regularly re- experiment exists when individual w!thir a
visited, governme-

. 
agency attempt to resolve one at

the five issues outlined at the leginning of

rn.' Experimental T.chnology incentives Program, this paper and when they ar- irrrsted ln

National Bureau of Standards is interested in carefully testing potential sofurions. Tle

how government agencies answer these quest ions. "identification procedures" of the syster,

In particular, ETIP examines ho. the answers collect data to help them determine:

adopted by 9owuvrnltent agencies impact the com-
rercial sector. ETIP attempts tl Identify # Miat new products or services they ought t
those answers or solutions to the above ques- le buying?

tionq which seem to act as incentives for o
technological change in the private sector st]. atoldprodcts or services they oughtbuying

ETIP carries out this examination by working
with other government pr, rement ogencie and * What product3 or services might better i.e

departments in order to -st changes in pro- bought in a dlfferent way?

curement policies and pr.i. tices 12]. TheLe
tests, it believes, will provide answers to 9 Etc.

the above questions. However, as markets users
and technologies change, periodically new Such identification pro'edures can be used to

ansvirs and solutions have to be tested. identify newly emerging technologio.s In Lh,'
private sector which might be ncquired. Thv

in order to most efficiently conduct such perlo- alsi -an Identify products for whi'h pir,'has.

dic testing of procurement methods with other volume haq decreased-indicating ;er',,

agencies, ETIP is developirg what it terms shift in uer r.'culr,,w ..

procuronent evperimentntion 4ystems" [31.
Such a system specifies in great detail pro- If after receiving the results of

ced treh for definiug procurement issues, t- ficatton servicf's individuals withln pr,..ere-

collet .ng background data in agencies and mnt agenc!is wish to contemplar ",ve

Induitt ir deIR,flng Lests of Specific proe'urement ch.ange, they -ci t le t '.,.
. foasibilitv knalvsis. o
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PROCURLENT EXPERIMENT FEASIBILITY * What potential Interfering factors are to be

controlled for or accounted for.

The feasibility anaLysis can be described in a What data is to be collected.
six stages:

* How the dota is to be collected, stored,
* Determining how a particular agency and analyzed and processed.

selected industry operates.
eta The precise nature of the anticipated find-

* Determining information needs and rigor re- ings, how they are to be used and by whom.
quirements of procurement officials making
the test (and other ?.nterested parties). a Who is to collect the data (Agency, ETIP,

or Industry).
* Determining what procurement changes are

feasible. a Schedule of events--both procurement and

data collection and analysis.
a Deterzining what test strategies are feasi-

ble. * Budget.

a Determining what data can be collected and In short, the design process describes in
what likely impacts will occur in the agency great detail the tasks to be carried out
and the industry. during the test of the selected procurement

change.
* Based on the above, determine what informa-

tion needs and rigor requirements can
potentially be satisfied by the experiment. ASSESSING THE EFFECTS

A major objective of a procurement experiments-
tion system is to support the information needs Three kinds of effects are of interest in a
of individuals making procurement changes. Procurement experiment:
Hence, it is important to carefully determine
what these needs are. Does the procuring * The effect of the change on the agency.

• . official wish to determine industry attitudes
towards his operation? Does he wish to deter- a The effect of the change on industry.

mine the cost of the procurement method tested?
Does he require a controlled test, or would a * The effect of the feedback provided by the
"quick and dirty" study suffice? procurement experiment on agency decision-

making, strategies and procedures.
The next step in this enalysis is determining
what procurement methods can feasibly be ETIP or a contractor observe how the change is
tested. Resource, legal, and organizational implemented in an agency, how the agency Is
constraints must be considered--for example, perceived by industry and any changes that
if a new method requires special testing occur in either place. 3deally, this process
facilities which are not available, then the of observing the change begins prior to the
method is not feasible, change itself. This enables the collection

of base-line data. Such data, In addition,
Once ETIP has determined what is needed and permit mid-course corrections as the procure-
what is feasible, it examines to detarmine if ment is being implemented.

an intersecting of these two sets exist. Only
that data analysis and findings which both will
satisfy interested parties and can feasibly be SYSTEM DEVELOPMENT
provided become the focus of the procurement
test. They become the focus of the design
stage which follows. To be more effective in the conduct of its

procurement experiments, using the process
described above, ETIP has concluded that a

DESIGN PROCEDURES systematic approach is required.(3]. Such
systems are not typical objectives of
federal government policy research programs

During the design stage the cooperating pro- (5]. In most cases, a policy research pro-
curement agency and ETIP specify in detail: gram asks a contractor to conduct a particular

study or evaluation. In ETIP's case It is
H 1ow the procurement change is to be imple- asking a contractor to conduct specific
mented in order to provide for the required studios and evaluations, but also to doctment
level of rigor. how these tasks are carried out.
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11,i d'cumontation will enable ETIP to carry to confirm the extent to which the ,,iJunts
out qomv of these tasks in-house, It will would be mattefled It they received a prodo
41-io ,nbib, 1T1I' to operate more effectively nimilar to It.
tit thv IuLoiWitil wayu (6):

Steop 5. Develop reseav h designe and dist
a I:jt,,r rooeponse time ror initiating new collection and analysis procedures for thoso

e:|p.rl ellt M. Information needs or variables not covered by
existing data banks or exlting designn and

a Ircruitoovd ability to draw comparison across proci'iiurota.
iot. of experiments because of comparable
metIrldn uaed. Step 6. Adopt and/or develop input, output,

processing and storage procedures am needed

I iR,dtied coot of evaluation because designs to 114tifVY the basic clients and inrormatioi
' nut havo to be developed anew each time, ncedn.

I ncre sed certainty in predicting time coot Step /. ,;,t the apencies or other relovant
i.:t! per.nnnul requiremente of a particular parties to augment ther existing data banL4

v,:pL'rfmenIt. to collect the data that is v',"odeu 1,t lai
not being collected already.

e L+ jiair to communicate with agencis and in-
dustry what ti involved in a procurement Step 8. Assemble the mystum.
wxpurLmunt and what they can get out of it
bec.,'is an explicit set of procedures !Stup 9, Tent thu system in the contixgt ti
vx ast, a. well'an an iueociated net of some specific experiment.
sample reports 4nd producta.

Stop 10. Document syotam.
A rit,' Ability to purchase information in

wll-detined sugments before comitttng to To carry out these steps ITIP, Its contrac-
toll-,,:le axperLmontation. tore, and the cooperating aguncies msJet firmt

Identify, based on their background data

To carry Out syntem devalopment, ETIP with the collection, who the clients of the system are

assitance of private contractors works to be. This to a list agreed upon with IPII'

throtigh I) steps. and it serves as one focus for the remaining
tasks.

Step 1. Dccido who the clients of the system

are to be. For ETIP and for the ETIP procure- Once the clients have been Identified, their

ment area these clients would be individuals specific information needs have to he dater-

making chnges in procurement practices or mined. What do they need to know In order to
,(procuremeuL policieas within procurement alter either a procurement policy or practice

alenciea, within procurement departments or that they have control over? ETTI does not
wi hitn I)i or the Congress. always have to do upecifJc exprimontm In

order to determine tie. Inetrad, ETIP (;al

Step 2. Deci:id or determine what the informa- simply present them with facimfloas of actual

t ,n ncedis or variables of concern of these products produced by the existing data banks

c:lients &-0. to determine if feedback of that sort would
enable them to make decisions about chang,:x

Stoep J, Identify existing data banks in the in procuraeent practires and policiem.

Sayetl !ni;tn Lhu private sector which collect
dati in a p way that would wat hify cl lent it Nuxt ETIP, other shaeleeJ and/or contractors

formation needs. Specify the procndurea for identify the met of data hanks or data

hceessing, collecting together, analyzing, and collection and analymi. systems already in

roportirg this data. exiatence within government agencies and the
private sector collecting data either cle4rly

Step 4. For those infot.,ation neede for which (t potentially nf interest to this not of

appropriate data banks do not exist, identify ,71Jbonto. The natune of these data hanks,

and locate existing data collection and whet they produce, the instrumontA they ,,se,

analysis procedures, research designs and the flow the data Is ttored, etc.,, shoul. be v'om-

maecyciated produto they were used to develop plied. This n tfurther background informt-
that could be iOsed to eatisfy tie residual set t .i. In addition, the sample produ.'tm th.it
"'r itltfd*nOlmtot fteeda. These data cllctl.01n hom.ne lnfornat Iott P%'ntams prodlu'e sho;ild i]i
'And miHjolIyo ptuoil 4urod And reearch degnM I , of til1. This Invonuilry o dat.i |an.. *r'.4.

Are [tiL'ted within organi atiuno whu have whit in produced ty 0h-m, how it o.n proil, a,

conrduc:'r.d reesarch on tHoe me or related is the first pifor, '! the .ov
t
uii fool .vati.m.

.o(rmation lisd* and have produced products
tht wore ;vivd tu atioty iniurmatlon needs. rr tite data hinkx do tint surfice, to,,,o ,or
'Thesa ., pi(A ')eport.i on produrts ein lie iiare kids of reseoarch deigrns and data collIsrtion
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and analysis procedures leave to be identified. SUMARY
ETIP then looks for other studies, experitents
that have been done by other organizations and
contractors which have produced reports rele- U:TIP has concluded that the effective conduct
vant to the information needs not covered by of procurement experiments requires a syste-
existing data banks. 11he sample reports, the maic approach. A brief description of a
data collection procedures, dat. analysis pro- procurement experimentation and a ten-step
cedures and research designs used to produce process for developing one has been presented.
those reports should be brought together and

put on file and their appropriateness teated
by presentation to the specific clients. In REFERENCE
other words, if a procurement official needs
a certain k:nd of variable measured and an
existing data bank within FSS or within DOC or [I] Program Plan, Experimented Technology
the private sector does not providn that Incentive Program, 1974.
information, then a report -*hich has been pro-
vided in the past by e.g., NSF or some other 12) Area Plan, ETIP Procurement Policy Area,
group has to be presented to the interested 1977.
procurement official. If he likes the report,
then the procedures used to develop that [3] ETII' Project Plan 120 Summary, ETIP,
report will be used in an experiment that he 1976.
is conducting at sometime in the future.

[4] Prototype Evaluation System, Research
%ow, if neither a data bank nor an existing Triangle Institute, SRI, June 1977.
data collection analysis procedure exists,
then ETIP or its contractors will have to [5] Evaluation Systems, Testimony Submitted
develop the procedure. in most cases, it is by Victor Berlin to the Senate Committee
likely that many of the clients' information ore Human Resources.
needs can be satisfied by some existing or
some modification of some existing study, [61 Roland Weiss and Victor Berlin, Pro-
report, or procedure used to develop those ceedings of IEEE Society, September 1977.
reports.

In sum, once the clients have been identified,
their information needs determined, and the
combination of existing data banks and exist-
ing data collection and ana)ysis procedures
that would satisfy those information needs
have been brought together, and once all re-
designs or new design efforts are completed,
we'll then have what ETIP calls a prototype
system. ETIP then has to test the system on
an experiment with one or more of these
clients. Procedures will be picked out of
this filing cabinet and used to conduct that
experiment.

The next phase in system development is the
test phase. The set of procedures developed
must first be tested by individuals other than
the original developers. ETIP is hav.;g con-
tractors form a new group which can operate
and test the system apart from the original
developers. Eventually, ETIP would like to
test tha system is, a government agency.

These two tests ensure that contractors will
leave with ETIP and other interested agencies
a capability for systematically carrying out
and describing tha effects of procurement
changes on industry.
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HYPOTHESIS AND CLUSTERS IN NAVY'S ACQUISITION RESEARCH

'A contribution totiard the problem of research methodology)l/

Dr. F. A. P. Frisch
2/

FOREWORD apocalyptic riders as God-sent punishment
whtich we have to endure in humility, in

short, we got awfully arrogant. This arro-

Thc present paper tries - address problems ,ance may be halfway justified as long as we

ne-ot in the development of a coherent devote ouzs',,vs to the so-called hard

plan f*r resarch acquisition. The problems sc-ences where we can measure and weigh ti,

are ep.qteml.'gi, .i and similar in natusre to inputs and outputs of our resr.t. Thi

problems .,' at. * ,e sciences which are justification for errogance, how,.v,: a.nc.
based on an axiom..i, or philosophical foun- rates as soon as we shift our endea%,.

Jat.on where right and wrong are determined what we like to call in colloquial t-,rms :he

by the acceptance of some initial proposi- soft sciences; acquisition research ik at

teons atid whet:e o quantitative solution Zs teast in part such a point in Lase.

possib!, on solely objective basis. This of
cot:rse does not preclude that specific re- Let's think about it this way; the process
search topics are exclusive quantitative of acquisition takes place in a legal

oroblemq. Howpver, even the solution of all (political) environment. deals dominantly

quantitative pro?' turns - if such were with products of engineering and is evalit-

possible - could not solve the puzzle of ated in terms of economy. Hence. acquzsition

acq,:isition. Furthermore, there are too research must be an interdisciplinary act:-

many m,aslirable prob!ens to ever be solved. vity which I like to describe with my pet

Therefore. nti Ili: -., start with a goal and acronym as a subject of LEGENOKY. meaning

go from th, goal hackward toward those prob- the ubiquitious interactien of leg-al and

lems which selectively support the goal and en-gineering aspc:ts with elements of
neglect all other topics. The goals do not econ-o2m. Two of those disciplines - law
have to be too esoteric and some are sug- and economy - belong in the domai- of soft
gestec -n th., form of a -esearch hypothesis. science, where everything is right as long

as it is consistent with the underlying

TIhe paper itself does not intend to present axioms and by definition wrong if i.

a finalized r.search plan. It only shows how coitradicts our weltanachauung.
such retsearch plans can be developed end how
re latice consi3tencv of research topics can I would like to rephrase the last :.entence
'e ach:ev.'d and say that law (also encompassing politics)

and economy are DECISION SCIENCFS (and not
NFASURL-WNT SCILNCES like engineering'. A

k. TOWARD A PHILOSOPHY IN ACQUISITION decision scie:nce shall be defined as any

RESEARCHI science whotre the process and/or the resulh
of research has no unique solution without

We scienttst4 have brainwashed our less accepting a priori a subjective decision

scientific contemporaries into an unshakable process based upon subjective axiomtLics ,:

belief in the power of our wisdom and the philosophy or value judgement. Specifical'v.

power of research* that nrohing is beyond any acquisition process takes place in the

solution if we have just ough money and penumbra bet.w-en decision and measurernt

manpower to research i" -. and down. We scientes - and here lies the problem and the

have given up the naive notion about the inherent cnntradic:ion for -he planner of

1/ This paper reprelentm the personal opinion of tile author and ,h-. not f.,, ricc: anv
official opinion of the Navy or any other department or government agency or the or,%i. "
the author's present and past xasoctates.

2/ D.,pirtment of the Navy. Naval Sea Syite r'. 'naand Code OOXC. Washington. D.c 2036^
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acquisition research:, how to develop a we have many and often divergent goals. This
logical research plan which gives objective makes the subject complex although the indi-
answer4 to subjective problems? How can we vidual tasks may be relatively simple. We
learn to live with this epistomological do not even know what our problem is NOT.
impossibility and still produce a useul Should we concentrate on acquisition strategy
result, wher,, useful is defined in plebean or on improved management control? Do we
terms as any knowledge which gives us a need an improved management control if we
bigger bang for our buck? would have a better acquisition strategy?

What do we mean with improved management
This is the problem of acquisition research control and acquisition strategy? These are
in a nutsnell. We have agreed we need it, all very good sounding statements of noble

we have agreed that we should do better and goals, like being for motherhood and against
more in our acquisition research. But this sin. But each of those statements highlights
is also the end of our concensus. Just took that the subject of acquisition research is

at the different contributions to acquisi- unbounded by a specific goal, at best, it is
tion research made over the last few years: fiamed with good intentions, like the way to
everything is represented from contributions hell and most other subjects belonging in

in graph theory barely understandable to a the group of decision sciences. In tuin,
few fellow-mathematicians up to incentive this does not permit us to lay out research
labor studies made by our friends in the tasks or subtasks with any resemblence to

rocial science departments. No question, precision and defined interaction.
all of those contributions are related some-
how to acquisition. Ilowever, they are dis-
joined. We cannot recognize how they hang This is tha dilemms, we face in planning of

together, what the practical value of each acquisition research. How to get out of it'

contribution is and how the different contci- How can we remove the complexity (multiple
butions can be utilized. Such uncertainties goals) of acquisition research and bring it

and disjoined research activities do not down to the un-complexity (single goal) of
eist for example, in the research plan for the moon missile? How can we organize the
the moon project. Here it is so easy to structure of research tasks with the same

develop the research plan for a missile clarity as the task structure of the measure-

which should go to the moon. Accepted, it ment sciences? Can it be done? '
is a very difficult and imensely complicated
task, but there is nothing complex about it
because only one single objective exists; It is possible; but it is only possible if
namely, to shoot a missile with a desired we can define substitute goals in acqui-
payload from point A to point B. The only sition research. A substitute goal is the
philosophical and hence true decision to be postulation of a nonambiguous and single-
made is "to do it" - everything else is then minded result - like shooting a missile to
a fill-in job. But to go to the moon is not the moon - which we will pursue and bring
only a single (and therfore, not complex) into reality. Then we will go behind the
objective, it is also a non-ambiguous goal and turn all stones which are in the
objective. The pursuance of this single way to reach this goal - but no others.
objective tells ub then what the holes in Such substitute goals will let us handle
our knowledge are and hence gives us speci- subjects of decision sciences like subjects
fic research topics. We may discover we of measurement sciences: the determination
reed a more powerful booster or a more and singlemindedness must be postulated in
reqpopsive guidance system and so forth, the form of a research hypothesis. The
down to the last detail until the mosaic is research hypothesis is our ersatz missile
completed. But, maybe even more important, for the moor. shot toward better acquisition

we also know what is NOT our problem. In and the search for how to build the ersatz
short, this research is bounded by clear and missile (substitute missile) will lead us
well defined goals and we can lay out the with the highest possible precision toward

research tasks and aubtasks with great research topics (alias holes in our know-

precision. Furthermore, all those tasks are ledge related to acquisition).
within the measurement sciences, where calcu-
lation, experimentation and testing deliver To make myself better understood, I offer
non-ambiguous ireasureables and invariable you my most favored substitute goal for Navy
repecitive results; the pros and cons of all related acquisition research: "We will do
decisions are quantifiable with exact- everything in order to form an economically
itude, and opinions can be substituted by viable U.S. shipbuilding industry second to
knowledge - in essence, we have to make none and solely based upon private cotrmercial
choices between alternative solutions but demand; in turn, all our Navy needs will be
not decisions (against uncertairties). satisfied by a strong industrial base whose

health is not the Navy's concern." Now we

Let's contrast to this the problem of acqui- can look for the booster of our ersatn
sition research. In acquisition research, missile and for che guidance system we need
we have only vague goals - and not only this, to shoot to our ship-building-oriented moon.
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Foi those of you who desire to call me a fool in r~search tasks with scientific ueutralit

and for those of you who desire to agree with in order to complete the picture and close
Barbara Ward and Peter Drucker, stating that the loop from the border hypotheses toward
shipbuilding and some other old and over- the synthesis or reality.
matured tiades .tre an anachronism in all
economy of mass production and a consumer 2. A SET OF BOUNDARY HYPOTHESES
.o( iety, and hence imst and will be shifted
into develop:ng countries - for all those I I am using the t-rm hypotheses quite
Ife- iOU aI dlfet nt Substitute gee to liberally in order to describe a goal, a

a 0ecqu iti research: "The U.S. concept, a poi bility or an opinion on a
shipynid industry has no justifiable eco- particular subject. Accordingly, I define a

no itc basis in the commercial world and boundary hypothesis as an extreme of such

t, lice, if needed for poi c icrlI/military goal, concept, possibility or opinion, being[
reasons, wi LI be the sole responsibility of well aware of the black and white painting.
tie U S Navy, and therefore, the Navy must I coisider the boundary hypotheses as a

do ove ivthtng tO maintain the industrial t.--rch tool which forces us to recognize
-,,o ,'r ,hipbulldig " Ferguson and his needed knowledge and hence research topics

it I a I i'," Jit scher may el joy this as necessary to defend the hypothesis. lis
in turn will lead to a cohereal b,.v of know-
ledge to deal with the wide spectr,r of

Th, two above sobsttute goals, first the acquisition.

institution of a healthy and Navy-indepen-
dent U S. shipbuilding irdustry and second, At this moment I offer six hypotheses for

the institution of a solely Navy-dependeut discussion. I will start with very general
U S. shipbuild:og industry are unquestion- subjects and proceed toward specific Navy

ably extremes. It is a painting in white related subjects. A justification will be

oen sflack which may only exist in dreams. given only for the last hypothesis. In my

ReatnLv wi'I be ;otrewhere in between and may opinion, the six hypotheses are sufficient

o: fer itself in unlimit--d shades of gray, to cover the entire acquisition spectrum

elusive to exact definition. In reality, we
have to work in gray and plan in gray - HYPOTHESIS #1 ON TIlE IINIFORMITY OF PROBLEMS

lowevei , we cannot think in gray because
gray is no definable concept" only black and . PRO: All procurement problems are
wite ig. Also, even though white and black the same and independent of

nay be at the end ot the probability spectrum the procured goods. Therefor,
- a: even outside of the spectrum, their all procurem,,nt processes can

existance, or better, possibility of be handled identically.
existanc" cannot be aenied. Black and white
can alao be called the thesis and the
antithesis and the gray area in between the CON: Every procurement problem is

synthesis. Hence, I suggest that acquisition an individual problem,

re,earch start with a set of substitute depending upon the specific

goal-, in the form of non-ambiguous research product, the opecific producer

hypotheses described in the form of thesis and the specific economic

(pro) and anlthesis (con) and searches for condition of the procurement

Lite synthesis. Otherwise we will never time.

arrive at a coherent and interacting
resecaich plan of acquisition topics. We HYPOTHESIS #2 ON TlE RELA1(ONSHIP BETWEEN

must he willing to accept a set of research INDUSTRIES
goals and associated research methodologies
which permit us to treat the problems of * PRO: A strong commercial industry

acquisition research (0wich in itself is a is the necessary backbone for

decision science) simile y to problems of a strong military industry.

the measurement science We have to

substitute the fairy tale of scientific
neutrality with a set of essentially a CON: The capability of the
subjective political/military/economic goals commercial industry and the

which we can dress up in the form of a capability of the military

boundary hypothesis subject to prove or industry are not related to

disprove. Only in this way - or with this each other.
methodology - are we able to handle the
amorphous and unbounded area of acquisition. IIYPOTHESIS 03 ON THE IUNIFORMITY OF
Initially, the extreme hypotheses or boundary MANUFACTURING
hypthe-sea are postulated perceptions embrac-
log (he 7oue of reality. We nest have the * PRO- Manufacturing metho,,
courag ' Lo expremis a possible, although ofteu coimmercial goods and -.

highlv omprelibA1l vision of how we would I:ke manufactoring methods tor

o ee our goalIs he tore we are able to fill military goods are ideorical
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e CON: Maiu factui og me thods for 2.1 Justification for the 1 of the
commercial goods are not Viability of the-Shipbuilding base

compatible with those for (Hypothesis #6)
military goods.

I have stated before that a research
HIYPOTHIESIS #4 ON THE RELATIONSHIP BETWEEN hypothesis may well be an extreme state-

PRODUCTION VERSUS CONSTRUCTION ment, but nevertheless, the hypothesis must
have some root of credibility. Sinc I con-

* PRO: All manufactured goods are the sider the Hypothesis 06 as the most import-
result of a production process ant one for the Navy - but also as the most
whereby a production process disputed - I have selected this hypothesis
is defined as an operation to develop an illustrative defense. This,
which manufactures an unlim- however, shall not imply that within the
ited number of identical total scope of DOD acquisition, the other
pieces. five hypotheses are of lesser importance.

e CON: All manufactured goods are the In trying to justify the coimmercial and tile
result of a construction military hypotheses, I would first of all
prucess whereby a construction like to reverse the order and start with the
process is defined as an military hypothesis.
operation which manufactures
one of one individual piece The military hypothesis is close ro present

with unique and not repetitive public opinion and has its intellect',al
characteristics, foundation in the 1961 study of Northwestern

University with the title, "Th Economic
HYPOTHESIS #5 ON THE NATURE OF SHIPBUILDING Value of the American Merchant Marine" by

Ferguson et al. (An editorialized version
* PRO: A shipyard is a place where a was published in 1975 by Jantscher of the

ship can be launched and Brookings Institute under the title, "Bread
assembled from pc:ts and Upon the Waters.") While Ferguson's study
building blo'r.s which are had some justification by the tremendous
manufactured outside of the economic superiority of the U.S. in 1961,

shipyard. (Assembly yard) Jantscher's rehash is utterly out of place.
Ferguson's and Jantscher's doctrine is most

* CON: A shipyard is a place where a simple: "We (the U.S.A.) do not need a
ship can be launched and merchant fleet because we can buy the
assembled from parts and service cheaper froy others."

building blocks which are all
manufactured in the shipyard. The mental acceptance of the Ferguson
(Fully integrated yard) doctrine induced sufficient powers to stay

away from any serious consideration of a
HYPOTHESIS #6 ON THE VIABILITY OF THE U.S. Merchant Marine and led in turn to its

SHIPBUILDING BASE systematic decline. I do not want to go
into an analysis of Ferguson or Jantacher

PRO: The commercial hypothesis on despite the fact that I consider both
shipbuilding postulates: A essentially substantively wrong. The

Rcommercially viable military hypothesis, a direct outgrowth of
shipbuilding industry is Ferguson's doctrine, is depicted in Figure 1.

possible in the U.S.A. because
of (a) the industries' The shipyard industry essentially depends
competitiveness on the world upon the Navy, and whatever the N-vy has to
market and (b) a strong and do depends upon national decisions with
commercially viable U.S. ocean regard to defense goal,. The consequences
transportation industry, of the military hypothesis with regard to
Therefore, the Navy does not cost of Navy ships should be quite clear:
have to be concerned with the extreme expenses and the entire burden of
health of the induattial base maintaining an effective industrial ship-

for shipbuilding. building base resting with the Navy.

* CON: The military h pthesis on I personally do not subscribe to the
shipbuilding poatulafes: The military hypothesis; however, I also cannot
industrial base for ship- deny the possibility of its realization.

building in the U.S.A. can
only be secured through Navy
contracts and therefore, the As defense for Ferguson (but not for his
Navy must be concerned with later copyist Jantscher) it can be said: in
the health of this industrial 1960 when the study was made, the U.S.A. (1)
segment. dominated the world economy and the dollar
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FIGURFi 1: MILITARY HYPOTHESIS In my judgment, in 1985 by thle latest., Lte

U.S.A. could have a most healthy U.S. flag2
Merchant Marine and a Shipbuilding indu'iir\ 3

COMMERtCIAL.NTOA fully compet it ive on the world market. In
MARKET DEiINturn lie N avy could be completely free hio

any burden of tiviintaining the industrial
base for shipbuildin , and healthy shipyard.

co3uld compete in thle best traditionial way of
free enterprise for Navy orderb.

MECATSince wage parity with most of our compet-t
MARIN NAVYitors is already established and the American

technical know-how to build ships is hard
t

v
inferior to thle Others, Lte quezt inn comles
down to a legal -economical point whiebc is

e..ntillyembedded in political thinkirg:
are t-e williai or not to provide to thle U.S

SHIPYARDMerchant Marine complex (shipping compan.es
atid shipyards) operat-omal psi :1 y t', our

foreign competitors? (I am talkilng ,oot
operational parity and not operation

was THlE currency; (2) military superiority subsidy.) Thle operation;al parity would have
was tak-n for grantted and (3) military to consist of (1) tax parity, (2) design
expenses were accepted As a national parity and (3) route parity. The tx anr
necessity. Under such favorable conditions, would establish for any American built shimp
Ferguson might have been not completely and Any ship flying the American flag parity
wrong by saying 'nah so what?" about a U.S. in taxation with flags of convenience. The
Mo, chant Mar ine. design parity would accept tile international

Thp ommrcil hyothsiswhic I avesafety rules for American built and U.S.
The on~rcil hyothsiswhic I aveflag operated ships in cte same way as

postulated takes care of the realities of Applicable to ships with flags of coniven-
1978 and presumably Lte next decades: (1) ieoce. The design parity would also incluide
the dollai has weakened and the balance of manning requirements. The roueprt
payment deteriorated; (2) American wages would give American built ships w112it te
have reached par ity with many other ship- Amierican flag in Lte liner trade. the same
building niations; (3) military expenses areoprtna fedmasnoydbotr
subject to utmost scrutiny and (4) unemploy- flagships. Also, parity to participate i ii
me~nt develops toward a nationial problem. internationally accepted rate pract ices
These art! four conditiois which are quite should be included as well ams fi ftl, freedom
opposirt to those in 1960, and therefore it operdtions.
may well be that the justification exists to
promote - And also the probability of creat- A recent study of thle first National Bank of
ing a healthy U.S. Merchant Marine, and in (2iicago points toward the importance of tax
toitn, an effective shipbuilding industry,.aiyadtes-ale elrHaig

-~~~ The p ictime which I thitik is rea list ic is ,\niit :ust Sutocommit tee No. 5 of 1061, iniforts
shown in Figure 2. its about problems related to design andl roti~e

par ity. An economic impact analysis o! i.
FIGURE 2: COMMIERCIAL. HYPOTHEStS Merchant Marine Act of IQ38 And its ame-nd-

isents and successors, as well AS Of the
background to the Merchant Marine Sales Act

COMMERCIAL NATIONAL of 1945 would lbe enlightening.
MARKET DECISION

If operationAl parity could be establi-hed,
maybe 100 or 200 major ship orders per year
-or about 2 or 4 billion dollars - could go

into thle American economy inated of foreign
shipyards. Not aqkiag for taxes on fstite
business which we do not have now is no( loss,
altogither, tile U.S. would gaii'. The economv

MARINEof the coimmercial hypotheris is not ihifficolt
to prove' - of course, more .itudy is npeds.

*However, thle problem i- political, )i we
w il Ii ng t'- rinke I t-p~l lo'ws fo- tlie Ocean
Industry as orhe, counitries dIo' ,- a
prospectus of a "future balance sli, .Id
lie convincing Qiitq some ho~mework ha-s ti
be done in oidier to Arr ive at this "fture~
balance she4et" We call tt reqear,." What
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do ve really know of drafting the balance a Principles of Planning as FuncLion of
sheet? What do we have to know? The Shipyard Facilities and Ship Type
necessary work to be done is indicated in
the forim of research clusters. * Planning odel, Incorporating

Facilities, Resources and Budget
3. Research clusters

* Optimal Size of Shipyards
A research cluster is defined as a group of
related research topics which must be 0 Variable Workload, Work Density and

addressed as a package in order to prove or Output
disprove a specific research hypothesis.
Combining figure I and figure 2 into figure * Labor Taxonomy and Availability
3, a total of three research clusters can be
identified with regard to the research
hypothesis #6. Topics for Research Cluster #2

FIGURE 3: RESEARCH CLUSTERS * Legal Environment of Shipbuilding.

Determine the national and international
RESEARCH RESEARCH

CLUSTER CLUSTER laws influencing and controlling ocean
#2 #3 transrortation

* Ezonomy of Shipbuilding. Determine the
COMERCIAL NATIOAL elements which influencc the beonomy of

the entire ocean transportation and
shipbuilding industry.

0 Substitute for the Market. Determine

the degree to which contractual
arrangements can substitutp for the
market.

LSER* True and False Competition. Determine
#the conditions necessary for a healthy

industrial competition and the degree to
which competitive aspects can be
fostered by regulatory involvement.

Topics for Research Cluster #3

Suggested topics for the three research * Implementation Mechanics. Determine the
clusters are listed below together with a necessary legal framework which permits
syllabus for each topic. For the purpose of the mo.t efficient management of the

this presentation, only a few of the most industry.
important topics are listed; it is only an
illustration of how research clusters can be 0 Data and Petrieval Management. Determine
developed, the data and the boundary for microman-

agement for government guidance to the

Topics for Research 
Cluster #1

• Lifetime of Navy Ships; Time/Quality

* Foreign Management Systems on Shipyards Cost. Tradeoff between lifetime of
in Order to Learn If, How and Why ships and initial quality.
Foreign Shipyards are Supposedly so

Superior to U.S. Shipyards

Mixed Topics, Belonging to More than Ons
Decentralization of Shipyards by Major Research Cluster

Trades and Investigation if Some of
Those Trades Could Operate as an 0 Research Need. List perceived -e-ear-h
Independent Business need and separate perception into

symptoms and real causes.

0 Technology Utilization in Order to
Determine Practical Limits of 0 Problem Logic. Develop guidelines which
Facilitation permit the determination of the solva-

bility of a given problem.

0 Optimum Range of Subcontractors in Order
to Develop a Full Set of Criteria for a * Corunality between Civilian and Defense

Make and Buy Decision Industry
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9 Management Focm and Product Form. (5) Economy

Invcstigate thq relationship between the
manufacturing process of a product and ropics in this group are considered
th.' most zppropriate management form. essentially economic problems which can

often be addressed without considering the
* Capita! Inve'stments, Utilization, immediate impact to otner groups. However,

De~preciation, Cash Flow in the long run, the e~onomic topics may

II Risk and Profit iii Construction,.rv h te rus
Determine the spectrum of risk and risk VIGURE 4- PRELIMINARY DIJ)ERING OF TOPICS
sharing between customer and contractor
in shipbuilding.

* Foiecasting; Retrospect ive/Economic/
Market. De termine the historical ~Ig
validlty of forcas~s and levelop a ~-
method able to indicate (orecast quality. *.*'**

IV Cnssso, i' ve,'-us Military Product ,..

a Piece/Time Wages I*~,*

Z* CLAIM IS MADE. TIIAT ABOVE GROUPING FIRST, .4 -

IS COXPLETE, AND SECOND, PRESENTS THE ONLY
POSSIBLE GROUPIVG. .......

3.1 Organization of Research Topics r
The research topics, identified within the I
three iesearch clusters, will be the domain G
of different disciplines most competent to I ...

- ~ ~ 4 .........
deal with the problems and hence will be a ____

part of aspecific research group. For
illuatrative purposes, I have identified V-.
eight such research groups as follows: 3334.43*4.3

adidpnetfrom the hypothesis whsere ,7. :Z7..,

Toisi hs roup:- are considered -1
esetn~ rbesof management; also J 4  ..

thymyqiefrequently infringe on (I .. .I ...
egneiglaeconomy or other groups. I..ci....*

Topics in this group Pre considered
essentially as legal problems, despite the
foict that thene topics may have strong
eriiomiral traj~s, mad may almo influe~nce to
a I.wger oxiont othor groups.

(6)l'oduction Science

(4) engneeringThin group h.,s b"en firmed -v. order to
accommnodate all those multidincip' -

Topics in this group are censidered oble~~ wi.:ch are evenly a.nd dfntl
esaentisly engineering problems and have RORbeddi in os,e than onr grou.p such as in
rostly niy a secondary connection to other economy and rnnn-:ctmrnt or management nd

zroipa. echriology. or -n Inute than two gtou,
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(7) Manpowe'r Vim oi sure Iy mpithod~io AI is l ot o f v ivw,
I tend towar'd All arrillstti\a 'Inawol.

This group encompasses all problma directly However, from a reeult-oriented point ot
related to manpower - also the influences of view, I a. rather reluctant to answer the
the manpower problems may be nnted in question one way or the other. Nevertheless,
economy, management and other groups. the approach to find the answer shall be

(8) Theory sketched in the form of three assumptions as
follows:

Few words are more misused than "theory"; it o

is even more misused than "system". Very
often the cexm is used for everyzhing the .a-ssue ion fl: Let's assume three parties

reader does not understand or the word is researcethd i n au itie
u~edforor aasu~tin".researc ; methodology '.n acquisitxon research

used for "hypothesis" or "assui.tion". De and the three parties are searching for a
facto, however, theory indica,: the abstrac- comonality in handling (or implementing)
tion (or synthesis) of the suw of concrete the research result. The three parties
cases (the examples) of practice. This hint shall be A (Navy), B (Army) and C (Air
is important to avoid misunderstanding. A Force).
preliminary ordering of topics is shown in
Figure 4. The figure also established the Assumption f2: Let's assume all par: lea A,
relationship between the individual topic B ad -. :-c agreed that the entire spectrum
and the topic group. of acquisition research L9 covered by the

4. GENERALIZATION Research Hypothesis H-1, 11-2...ll-n in similar
form as outlined previously in section 2 (f

The concept of starting with a research this paper.

hypothesis, proceeding toward the formation Assumption #3: Let's assume each party, A,
of research clusters and finally ending up As tis an) ab e to subdvide each

with a synthesis is easily portrayed on the 
and C,

research hypothesis #6 as shown in Figure hypothesis in its legal domain, its engi-

5. Having presented this research method- neering domain and in its economic domain

ology (as abbreviated in this paper) to the and (b) .o locate in each domain the accept-

ONR/NAVMAT Acquisition R&D Council, :ie able synthesis with some clarity between the

question hae been raised if the same PRO and CON extremez of the research •.

methodology could be generalize. so us to be hypothesis. Whene.er all those assumptions

useful for problems acquisition reses rch on can find realization, the result can be

a DOD- wide basis, portrayed as shown in Figure 6.

FIGURE 5: SYNTHESIS TO HYPOZ"&SIS FIGURE 6: SPECTRUM OF COMMONALITY

RuESEARCH HYPOTt ¢ U I

N. . ...... Co... ....

COMMEROAL MILITARV Y. _

IIYPOI 1, EW 1Y?C7HESI5

COMMERCIAL SYNTHESIS NATI 01101

.:MARKE OW 10 A Iv I I

.. ,,SVTHESSON
MRHA T lossI~a

/, ~,€. i I I I ! i i_

00I-. . ..II I I I I I'

UIR SYNTESIS I , i." l
al |ilt i

. 
CEtil i. 'iiCC* IWIEC ICl iC Cittit

NI s 'SS"  In Figure 6, the co.!alive location of the
SHIPO synthesis for each hypothesis is indicated

--- I with A, B and C and wherever by a given
criterion the locations appear close enough,

iI ouSA, commonality for A, B and C with regard to a
L '' i " specific hypothesis can be assumed.
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2No' the methodological problem rs.. i" About the Author:
apparent: how can we loc:ite a A~
position betwen the ext !.rs(* 'A "A 311
determine the relative pot... w. Z'a- - Dr. Franz A. P. Frisch graduated from the
cular group within the spectrtm Technical Unive-s-tty of Vienna, Austria. He
bounded by black and white? It r.b .,.y be has 30 years' experience Lr ahiphuilding and
done by forcing the solution into -bourable relateu suojocte. He has worked as a Naval
terms with distinct physical dimeni )na. Atchitect, Guarantee Sngiineer, thief

Estim.tor, Production Manager, and Director
Here we may be back at the epis tot.-.,' cal for Shipyard Planning and Maintenance in3
problem which w~e tried to escape i jiustria, Den'terk, Sweden and Germany. In
beginning. 1956 he was first invited to the U.S.A. to

teatify on foreign cost and production in
subsidy cases before the Maritiri
Administration. From ;957 throu.,h 1962 he
was associated with Pceeral U.S. Naval
Architect firma; was owner's representative
in Europe and Japan; conduci,,d studies on
ransport economy for Venezuela, ICC, and

planning in Brazil and Europe. In 1963 he
.oined the s3taff of CHA (Cente: for Naval
Analysis) andi became head of the logistic
section ani study director; thete he oripi-

EPILOGUE nated tht FDL ship and ship concept, and was
assignee is advisor to the project manager.
From 19621 through 1974 Dr. Frisch~ wes faculty 1

The paper starts with a p1'ilosophit.rl 2ketch member and %risiting lecturer at the M.I.T.

abnut measurement sciences and ends by (rassachusetts Institute of Technology); he
underscoring an epistoixlogical (and lec' red on shipyard managemeent, ocean

methodological) nroblem. The betinni-ag tranaporation, systems theory in transpor- 1
leads to a atre. .. 'orward procedure of how tation, and in interdisciplinaiy seminar.,.
to handle Problur.V Ldlated to acquisition In 1972 and 1973 he was consultant to Dubai
research in shipbuilding. The attempt to Drydock, Ltd. for layout of a new shipynrd
generalize the procedure - as .,ho'wn ir. the in the Arabian Gulf. Since 1973 Dr. Frisch 1
lar~t section, way point towardl the impro- has been with RAVSEA , mostly involved in

bability - if not impossibility - of handlin~g special projc'nts. He ic also Adj. Professor
"all" acquistion problems in a uniform way. for V.P.l.(VriaPoyehcIntue

Of course, this is at the moment a deduccion and Stzte University) teaching graduate
only. It may also be 3 warn; ng against courses in Advanced Engtneering Economy and
overoptimism toward DOD-wide conformity. Management Concepts,
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Lieute'nant Colonel HarMat it 1). H trt ., Ai Fnr'.' iogistir) CoImiCild

Major Gerald R. J. Ileuer, Air For-. Sys'.trx. Command
':.,pain ,Ioha C. Kingstcn, Air Fort. Systeun Command

Captain Eddie L. Williams, Air Force Logi:,tics Command

INTRODUCTION procurement pr-lems, ... a comprehensive
studious crit[I.',.]. conceptual model. %',r the
acquisition r..ocess that will g've us insight.;

Extensive research has h. i accomplished in the we do not now possess that will help us identify
tname of procurement re';arch over the past few what we don't knc.; [6:931."
sears but no e1' Utive, delimited concept has
evolved as to ,hat constitutes procurement The Lmportaice of procurement tesearch and the
research (15). A review of the early Depart- ne. sity of defining it., rote i. L',errnent
'ment of Defense (DOD) Procurement Symposia ac .sition was reaffirmed In an interview with
"Proceedings" indicated that professionals in Rc..rt F. trimble, then As-;is.rit Admfilitra-
the field of pro aeent called for a defini- to;, Office ot Federal Procuret,. Policy (OFPP
tion of the te-m 'Procurement Research" as well for Contract dministration. lie discussed pro-
as the classification of its characteristics curement research as follows:
into a model to provide more efficient use of
resources. The ne,.! existed to clearly define "I've long had an interest in procurer:ent
procurement research and to classify its char- research. I think that it (an attempt to define V
acteristics into a useabl. conc'ptual model, and classify procurement research) is one that
Consequently, a study was initiated at the Air is particularly Important hecause I have seen a
Force Institute of Technology tc accomplish considerable ,mount of confus-ion regarding what 4
i-hese goals (4). constitutes procurement research. I believe

that this matter needs to be clarified so that
Re.;earch has been viewed by many in the field we can more efficiently utilize ihe manpower

= as a key to alleviating both existing anJ resources that we have in this particular area
future procurement problems (2:1). Senator [15)."
Steanis, Chairman of the Senate Committee on
Armed Services, and Congressman Price, Chairman
of the House Commttte on Armed Services, BACKGROU:'.)

reitera.ed this ely held belief in a Joint
letter to former 'efence Secretary SchlesinAer:tI

In the par. . enecific areas in procurement b
"We recognize the value and importance of pro- research have (r, br.en clearly delimited; tnus,
curement research as a ireans of improving the a historical ha.- nund must concentrate on the
procurement process -- one of the most crucial procurement organtzat:wns which have developed
tasks in Government [10)." during the past twenty-five years. The evolu-

tion of procurement research has been -harnc-
tven though there is a general cnasensus as to terized by changes in organizati", % d proce-
the importance and possible impact of research dures. Research, per se, has no. -mpha-
on the procurement process, procurement research sized; rather, the emphasis has ;".,ro.,,.. . -
as a discipline has not been clearly defined in changes in DOD and Air Force procu, PnL orsan-
existing literature and practice. Also, there Ization which resulted :rom the ne.- .or better
is little agreement among the agencies perform- procurement method.. ihe lack of a clear
Ing this research as to what constitutes pro- definition of Just what procurement research
curement research (1:2). There hive been includes made this ipproach necessary.
several indications ,.s to a possible scope for
procurement re.,'.'.h; 'or example, J. H. Malloy, In the 1950's, various attempts wer. made to
then Deputy Assistant Secretary of Defense for save money through reorgrnilng and centralii/ing
Procurement, described procurement research a3 purchases of common items. The Jinertia of old
essentially "a systematic approach" that follows techniques was slow to yield to change, moreover,
the scientific method (8:215). However, there each military service was "isolated" from the
has not been a concerted effort to adequately others as far as procurement methods. In the
describe what should be included. The result 1960's, some efforts were made to exchange pro-
has been that research efforts are categorized cirement information an," to evaluate detision-
as both tentative and diffuse (11:4). Robert making during the acquioetion process. New
Judson, then Deputy Director of Commission approaches were being utilized to improve the
Studier, Commission on Government Procurement management information flo.. In the 1970'.,
(COGP), stated that procurement research's many changes occurred in th formal acquisition

process. After many long years of inefficiency
...first order of priority ... is to construct ant. redundancy, the naticaal procurement policy,

... a model so that we can share a consensus on education, and research are becoming centralized
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dnJ cooroinated under the Federal Acquisition if an effort is procurement research.
Inst it.ute (FAI).

Mr. Robert Judson, then Deputy Director, Commis- METHODOLOGY
sion Studies, Commission on Government. Procure-
ment (('OGP), in an address t(. the second DOD
Pru.-urement Symposium in 1973 . le a challenge A literature review was initiated. It disclo,
to the piocuremunt profession. ,' 3aid: an increasing Interest in the area of procur,-

ment research and in defining procurement
"lou, gentlemen, have a golden opportunity to res-aich, but no suggestions were made as to
redirei t procurement research to achieve new how this specific area of research should be
go- s ,t excellence. First let's do our research defined or how it should be classified from a
on the fLrobloem of research before we lose the t -onomical standpoint. A search disclosed
chance to make procurement what we want !t to that content analysis provided a rigorously
b- 6:99J." subjective technique for grouping various pro-

cuL~mcnt efforts: by division of scienti!ic
Nhl. clallenge was re-emphasized by Dr. John J. study, by br(adtl. of application, by degree of
Bennet-t, then Acting Assistant Secretary of control, by level of outcome, by ,.evel of
Defense kit ra'lations a':d Logistics, in the effort, and by placerent in the arq4.isition and
Defense I!neL. Jour al, July 1975: procurement processes.

2 "Through a s ta t
summarizing and categorizing, these various

"Procurement -esearch J. not ' household groups were used to suggest a definition for
hrase in he Department of Defense .... It procurement research.
needs a great deal of attention from anagement
and those people atuall engage.] in procurement The basi. research design was divided into five
projects' 2:1 1." areas:

I -,um.arv, the important events in the evolu- 1. Classifying procurement research etfor s
tion of procurement research start with the and functions Into categories and sub-categorle-.
Second atever Commission in 1953 and continue up
, the present time. Key events in procurement 2. Identifying the areas of procure.nent
reoanizLt ion in te 1960's include tie reorga,- research that were most frequently anvestl,.ar,.d.
izatioo ( Ail Force Systems Com-.and and Air
Iorre Logistics Command, the Hershey Procurement 3. Defining proc'rement research In terns
1':I rcn, C nferenre, the establishment of the of characteristics which were evidenced in the
Ar y Procutement Research Office, and the Com- study.
mission on Goernment Procurement. The signif-
-(ant events (thus far) during the 1970's incl-ide 4. Suggesting a taxonomy of procurement
the six DOD Procwrement Symposia, the establish- "esearch.
ment of the Air Force Business Resea'ch Manage-
ment Center, tht. addition of a Graduate Procure- 5. Designing a procurement research algo-
meat curriculum to the Air Force Institute 0r rit!m fcr C-v.1i,-oLitg research.
Technology, SIhool of Systems and Logistics, and
a Systems it-quisition M,,Lragemet.t curriculum to The first three areas of the research design
the Naval Postgraduate School, the establishmert were planned to answer the first and second
of the Offlc, of Federal Procurement Policy. and research objectives. The fourth and fiftl-
tl, f0ouumon 1 v! tie Federal Acqulsltion Institute. design areas were planned to answer the secon

and third objectives.

BASI TUDY OBJECTIVES The first design area was planned to Identify

specific scientific and research characteristics
of procurement research as evidenced in tie

The following research ob4 tlves of tie study "Proceedings". Through content analysis. tie

are germane: articles of the symposia "Proceedings" have
been classified into v,irioua categories ant quh-

1. To define pk'ocurement research so tna? , c.,tegories of characteristics. hese scientIfi.

common fouidation can be used when discussing and research characteristics l..,ve been corre-
this subject. lated withr areas of the pro.'ureient and acqui%!-

z!on processes.
-. To classify procurement research efforts

and functions into various. areas and to identify To :,at.sfv the first and second objec !ves. tit,
those .reas that are most frequently investigated. methodological approach of semantic c,',tnt

analysis was adopted. ro -e ,iver',.f
3. From these classifications, 

to suggest a

detailed algorithm
t 

which can be used for deciding 
2 
These categories were adopted from ttre Strayer-

Lockwood taxonomy. See references 3 .! I., f -r
IA eqoe-ti.rl decision-making process or modu,, further discussion.
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research, the population called procurement and to stggest a detailed procurement taxonomy.

research was chosen. This population was fur- Information for this area was gathered from
ther narrowed to the sub-population of procure- existing literature and personal interviews
metr research as reported in the "Proceedings" (7, 9, 12 and 13).
of the five DOD Procurement Research Symposia.

3

The analysis consisted of a census of the total In the filth research design area, the design-
sub-population of articles in these "Proceed- Ing of a detailed algorithm r.as tnvisioned to
ings". meet the third objective. This 01gorithm could

b, employed in determining whether an eftort
To validate the coding, a pilot study was accom- within DOD is related to proczr,.me'it and whether
plished. To enhance the reliability of the it is research. The algorith, was derived from
research effort, a "target" rel ialility percent- inforration gained from the content analysis,
age of 90% was achieved during the pilot study, literature reviews and personal intervieL's as
Additionally, during the analysis, random samples noted in the aforementioned paragraph.
of articles coded by one researcher were recoded
by a second researcher to insure consistent and

standard results. FINDINGS

After coding the data for each "Proceedings", a
relative frequency count of occurrences under Data from the content analysis of the "Proceed-
each digit code was tabulated. Each digit in ings" have been tabulated, and a taxonomy and
the seven-digit code represented a category of algorithm have been developed. The results of
science, research, the acquisition process, or the content analysis, which are listed in Table
the procurement process. The first digit was 1, showed the following primary areas of empha-
coded to show the division of science used in sis as related to the selected criteria.
the research. The second digit was coded to
show the breadth of application of the research
techniques used. The third digit was coded to TABLE - s, iANY V? INDICS""
identify the amount of control used by the
researcher and where the research was conducted. 1. DIV1zo9 OF scxU.cE- soCaL 4&6s
The fourth digit was coded to determine the Art¢A/stZu c.:31:'ED ,47%
level of outcome of the research effort; what 2 SKDT1I OF APPLIATIO'" AHlLIED (625)
could be said about the area studied, did It
describe a situation, or could a model be devel- 3. VC.'-EE Of .O(TAOL. LIE4ARY (5L )

oped to predict future events? The fifth digit t. "trL OF OU-cCst oME t c'iI- t T t(t)
was coded to indicate the level of effort used . Fvt. o ERat: Pr:oFE :.- Arre,Rr.T,AlR, cm.NJArH (681)
in the research; i.e., the amount of time and 6. ?IAsr OF ThE Ac=141710.4 PARCESS:

depth of effort necessary to accomplish the
research. The sixth and seventh digits were MXRE AN CAt PHASZ (6C%)

coded to indicate the phases of the acquisition NO coKctRED WIT TH .CQJlr:T:., r1P::as (475)
and procurement processes with which the research 7. PHA.7 OF TH r Catat:,Er PROCESS
was concerned. ?RE-AWARD (47S)

In the second design area, the results of the h0lt "r, O t ?t (33)
content analysis were combined into relative
frequency distributions. Each sub-category was
analyzed to determine those areas of procurement As corollary information to the content analvst.,
research which were most frequently investigated the researchers noted the source of each artie
andswhch whchrctrs were most prequen nvetind Of the one hundred fourteen (114) articles, theand which characteristics were most prevalent in
the population. source distribution is recorded in Table 2.

The third research design area, defining procure-
ment research in terms of characteristics TABE- ARTICLE SOURCE DISTRIBTrION

evidenced in the study, was addressed using the
tabulated data. The characteristics of research ACNCY NUMBR tERaMAOE

and science derived from content analysis were DOD 9 81

combined with information obtained from litera- AeUT 19 171

ture reviews and personal interviews to develop UAY 14 121
a tentative conceptual definition of procurement AIR FORCE 3 3'1
research.

MOXA-DOD

The fourth area of research design was planned Federal Agencies 11 1.

to classify procurement research efforts into tri?. bines/
various areas, as stated in the s cond objective, UnIcterltset .1 191

3
The research for this study was conducted prior The initial taxonomy was divided into five

to the publication of the Sixth DOD Procurement levels of procurement research. Each level

Research Symposium. subdivided the previous level Into more
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spci tareas where procurement research can necessary to build a model of this process.
he identified. "ince procurement research i-; concerned with

the t1rocureme. t process and the procurement
process as an i itegral part of the acquti v-,

CONCLUSIONS process, a taxoaiomy of the peocurement proce' 5
can serve as a foundation for a taxonomy of
procurement re,-,oar-ch. The areas and issujes

'rte results of the research suggested the tol- pertaining to these processes, therefore, also C
lowing definition of procurement research: pettain to procurement research. These areas

and issues, as related to the procurement pro-
Procurement research (and acquisition research) cess were the local point of this research and6
is an applied science using the characteristics the descriptors of the research taxonomv. Con- -1
oif the sotial sc iences in combination with mathe- Linat analysis provided the general character-
xr~tt al 4rionces to solve procurement problems. istics of procurement research and a partial
It tends to rely heavily on Lte use of previ- structure of the procurement processes. Ho0w-ously gathered data to 4eek solutions to prob- evet , t,, complete the taxonomy of the process,
lems, equally diviiing its efforts between the it was neces-sar) to conduct interviews and ask',
acquisition pioceqs and the procurement process. further literature reviews.
I n the dcqu i t m process, emphasis I s placed

onl the totaL proct-%s; while In the procurement The taxonomy was constructed to displ.- -ivprocess, emphasis is on the pre-award phase in levels of the procurement process. Thc firttan1 eftort to identify cost-related problems. level is the procuremenz process. The second
level is the three phases (Pre-Award, Award,

The results of the content analysis are limited and Post-Award). The third level is comprised
to the actual sub-populatio-, itself, but the of Lte cycles that make up each of the phases.
sub-poaulation of the "Proceedings" represonts lite fourth1 level is a continuum of events
an important crors-sect ion of recent DOD, pro- (Procurement Continuum) that desctibe the
curement reSuarch experience. Information necessary actions pertinent to the life oI a
(li ted Ircon tht. analysis of this sub-po:)ulation "procurement". lite fifth level, the lowe..t
can suggest important chara~ttristicb and rcia- level presented, is composed of a number of
tiOnShips of other pro u-rement research efforts. issurs related to each of the events. (See

Figur,: 3.)
The areas of emphasis in the procurement research
of the "Proceedings" were identified in the con- The research effort was adjusted as the
tent analysis. Procurement research was charac- researchers discovered new information that
terized is a social science with abstract science Impacted the definition and the taxonomy. Thet
comifned -more often than not. It-, structure is taxonomy developed by the researtchers is out-
delimliteCd in Figure 1. Efforts were primarily lined in Figure 4. L~astly, an algoiithim was
applied to solviag problems. The research was developed (see Figure 5) which followed Lte
primarily accompl ished through a %elected aggre- format of at decision flow chart With eight
gation of inforn.-tion (library) and Lte level of dcio pinsalofwih(xetone)ms
outCOfl uas descriptive. In the sub-population. be answered with an affirmative res ponse bet,,re
th~e level of effort was primsarlly a professional an effort can he considered prourem.snt research.
pape-r/research monograph. The relationship ot These eight decision points are as follows:

E procutrement esearch with the acquisition process
showed that ('fforts generailly Involved more tihan 1. is the effort concerned with satisfXznq
one pixasf o! *hc acquisition process or were not a perceived flOD need? Is the effort atteMPting
concern !d with Lte acquisition process at all, to 8olve a problem, provide insight into an
Emphabi4 in the procurement process was primarily issue, or describe a problem within the 001)?
In the pre-awmrli phase with many articles dealing If it is not, it should n,,t be coosltder- for
with more than ,,ne phase. further research.

The definition of procure at research and the 2. is the research effort concerned witti
classification of the cli acteristics of procure- the acquisition process? If the atnswer to thu-,
ment research were combined with the Information is negative, a1 se ond question is asked, "Is -

from the interviews and the literature review to the research concerned with the pztu, urement
develop the taxonomy. The emphasis for the proess?" (See Figure 4 and 'labie 1.) If ii'
taxonomy has been to cover all possible areas of answer to this is poslt've, the~ ('ffrt -.%
procurement research as suggested by various retained for further analysis.
information sources.

1:;i the research conrernied with the oreo-
The procurement process is tile foundntion upon curemcn _process? 1r,,tie efforts Judged

which procurement research is based (see Figure affirmatIvely. u- -,n ,';t n ? re anal,,ed
2). Procurement research can involve both the a cording to Lte proc~srement I .. uq6.e-procurement and, acquisition processes and their tLion-. as set forth fin Table' 3.interre.'ationsh!n. Therefore, to constructa
L axonom' of procurement research focus~ing PrH- 4. Doeu the effort suggest a meho for
racrily the procurement process, it was IpmmrovIn tiLhe knowledge ,soatd t -ue
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THE PROCURE14ENT PROCESS
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IS TIF tIPORT CONCERNED WITH 0 21 CFRND WITH THE RVIFW OP A CONTRACT ON TO
All .113 A DOD NrED? 141 I TCICREDW7 H ,VE P STIC RT

H:3'411ICLMENT AND PISAL SIONHTRES
AS '2. '1 IT CONCERNK) WITA AVARD ANNOUN''EPLQ PROCEDURES?

I", IF F1 0? ,C,.ERVEO AITA-lO-.i i- F.EARC CoNCENED I3 IS IT CO!ICKRNFD WITH CONTRACT DITRIS'TION PAOCEDURES?7', , , 'o, CIC I PU.*b7 1 T, IL PROCUIlINT P'RO-
SEW (tE. ENOCILAEH? 264. 13 1. CONCERNED VITH OTIIEN ISSUES ,C THE AWARD CYCLE OR

Y 7AtOtOIj) - AWAPO PHASE?
I V',' A 2I?.TION RESEARCH YES H 25. IS 17 CONCERNED WITH THE ASSIONHEIT Or TIE CONTRACT FOR

L-E'T , .LIF!JD WITH THE _ ADW|-ISTRATION?
.',. .,T EPROCASS? (SEE 0

(.11 'JF. :-.T TAXONOMY) 26. IS IT CONCERHED WITH COITNACT SYSTM COHPLIAHCE?

ST T 1 1 CONCERNOD WITH EEIIORHANCE MEASUREM . T F CON-
I TRACTOR?DOtS T- EPEOUT SUGGEST A P

.1.H--5 'O INFROVINO TH PA 28, IS IT CONCERNED WITH QUAIITY AOSUHACE/PAODUCT ACCEPTANCE?.I,."A$| AS,1OCIATED VITA 0O------,

TE FHTZ,eLNT POCESS? C 29. IS IT COACERNED WITH CO'.TRACT MODIAICATIOS'
U
R 30. IS 17 CONCERNED VITH PRODUCT DELIVEHY?

"CE! T-E EPORT AYRESS AN- E 31 15 IT CONCERNED WITH CONTRACTOR PAHYLHT?
I?71-ANYIBONENT? E-A .

N 32. 1 IT CONCERNED WITH CONTHACT WARRANTIES'
YES T 4

". J. -3. 13 IT CONCERNED WITH CONTRACT DISPT ES?
7 _-4~OT DSOJEST A N

5L1'i .: OR '.LE OBSERVATIONS____ ____ .C 34. IS 'T CONCERhD W:TII lEI:rEDIS NES'JLTI:;O FRO P-TAACT
1'!A- C-'1 JLT".ATELY IPROVE -No DISPUTES?
THE AZUREAthlT PROCESS? E

A 35. IS 17 CONCERNED WITH CONTRACT CO PIETION A'lU CtOSE-OT'
YES R

C 36. IS IT COSCERWED WIT'., ANY OTNER ISSUE? OF THE CCNTRACT
POtS 7 Z tEAT SUGGtS? A H ADII::ISTATION CYCLE OR TH POST-AWA) EHAdE?PRA^,I.|;AL PLAN FOR IMPLEMEN- N
ATIXI'TLELAIO O TELHEE- 37 IS IT CONCEERND WITH POST CONTRACT ISSJEF SUCH AS RINEGO-
I CECLI :ED RESLTS? TIATION?

YLS IF TlE A1SWER TO ANY OP THE ABOVE QUESTIONS 1 0 "YES', THEN THE

DOES T.iC EFAT HAVE CHARAC. EFFORT IS RELATED TO PROCUREMENT.
TERTICS OF TIlE SCIENTIPIC
I011O0 (SEE SCIENTIPIC
LETl0D QUESTION LIST)

Ats procurement process? Three general questions
CONICLUSION: iNOCURENENT RESEARCH can be asked of the research effort:

a. Does it increase the uncertainty of thePFIGURE 5. PaOCDH,EN"T RESEARCH ALGORIHM procurement process?

- b. Will the suggested results of the

research effort provide more knowledge of the
TABLE 3 procurement process, knowledge of an area that

CRITIRIA PoA DETEA lANS SHETHER A RESEARCH has not been investigated before?
E.l TI I F)1- RL1TAT B-YL1D

c. Does the effort clarify events, areas,
IT CO'. rNEED WITH IS!UES PERVASIVE TO THE PSOCURERENT

t,4a'25 (PROCO-THT4I ETICS. COTR.AI ':AAONE:fIT. TRAIN- O c issues in the process?
It S, ORGA ZATIOH)'

2. 1t IT RELATED TO REQUIRENITS DETLRMNATION? 5. Does the effort address an identified
1. 15 IT COI:CEHNAO WITH HElRE IPTS SPCCIFICATIOH? requirement? Before passing judgment on the

4. IS' IT CO'RISV WITH Pl' ISSUANCE? effort, a review by relevant procurement per-
sonnel should be obtained to establish th

5. 15 IT C0 AOB WII OTHER ASPECTS oF THE REQUReHIATS validity of the undertaking. If judged nega-CUCLE;

tively, the effort should be discarded or held
6. IT RELATED TOTHE ECEtlOP A r for later evaluation. If judged affirmatively,
7. 1 1T CO::CERYED WITH PRE-SOLICITATIOH REVIEW? the effort passes on to the next algorithm
A. IT IT COS, ERNtD WITH POP.AL SYLICITATIOH ISSUANCE? question.

9. IS IT CO:CER4EJ WITH OTh!R ASTLCTS OP THE P/NIPR CYCLE?
6. Does the effort sugges a solution or10. !: IT COCERNED WITH THE RECEIPT OI RESPONSES TO SOLICI- m c slu m r

TATION? make observations that can altmately Improve_
SI. II IT E.ATED TO Tqt TEEH;ICAL EVAIUATIO OP RESPONSES? the procurement process? An effort that is

classified as procurement research should be
12. :S :T CO',CEPN:D WI:TH PROPOSAL AUDITS? directed toward the improvement of the procure-
13. I5 IT COICERNED WITH COST ANALYSIS/PRICL ANALYSIS? sent process.

14. IS ST CONICERNED WITH PRE-NGEOTIATION ISSUES?

15. IS IT CONICERCED WITH CONTRACT NEOOTIATIOH? The key to this decision point in the
16. IS IT COYSERRED NITH COl;TRACTOR SELECTION? algorithm is that the researcn effort contri-

butes to the improvement of the procurement11, 16 IT COW.ERNED WITH 0Tltnr ASPECTS OF THE SOLICITATION/

EVALUATION CYClE? process either through a solution to an existing

18. IS YT COICERHED WITH SO ASPECT OP THE PRE-AWARD PHASE? problem or through oservatlons that may lead to
the understandi, aE.d solutions to future prob-

19. 15 IT CO4CERn.D WITS COnTRACT PUNDIN)I lems.

20. IS IT CO.CERXED WITH CONTRACT WRITING)
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7. Does the effort suggest a practical plan 'ABE A
f orimplementation or utilization of the per- SCIENTIFZC METHOD QJSSTION tST

ceived iesults? An effort may be directed at
the ultimate improvement of the procurement i. DOSS IT DEFINE THE PROBLEM'

proce's. It may suggest a solution to an exist- 2. tO TtHE EFFORT SURVEY EXSI.BG PERTINFIT LTtATJHE
Ing pioblem or It may be used as a "stepping $01 TI 'A EAJhE5 EVALUATED FIST STUDIEY F~a A[F..YCABILZ2Y
stone" to .solutions of future problems. How- TO 'S EFFO,T?
ever, if the effoit suggests using implementa- . O TXL , U Os R . ,:OWLEDOE?
tion/utilization procedures and/or techniques 4. ' ;TH scoT BUL 0: Dr..ELO A D E srEc:S?

5. - THIE SCOPE D,-lJj Sr. -PCIFILD, ANqD ARE THE SFECIF'EI,
that would be impracltIcal, the effort is suspect. 0.aw.'rIVES TO BI- Mir LISTED?

A. D)eE TaI EFF PT SUGGEST T',. TfTING OF A HYerCTHESIS OR

Appi icalion of this decision point TW. RUEING C' A -EtSCH QiESTION?

requites d word of caution. Implementation/ 7 iS '.HER A SPEC :,D PLAN'
utilization plans suggested by some research 9. DOES ThE EFFOIzT LIST AS.UY..!ICNS/L1M4!TAT:(*4S?

e forts may be deemed impractical now, only to
be proven practical at some future point in 9 - 7 ETP0V-'-GY LOGICAL AVD APROPMATE FOR THE OBJEC-

ia. Thi., fact may require that the final
f OL13 THE EFFORT GATHER AATA ,.D/OR FACTS'

deterj niton ot whether some research efforts
are plocur, net. esearch needs to be deferred ii. Alit ,.ie DATA VAUD 05D RELIABLES
to a Later late. 12. DOES HEt tP OAiT REPORT, DESCRBE, NEDM T OR E ?: T!V

13. DO COICLUSIO',S -OOICALf FLO B900 TH DATA?
8. Does the effort have characteristics of

IN CAN THE EFFORT E REPLaCATLD TO AhWE CO4ISTENT RESULTt?
the s iLentLtic method

0  
Determination of whether

the effort follows the scientific method is made
by either the research analyst and/or the pro- has been during the past few years. From

atremcnt. manager subjecting the effort to the exposure to the information that was reviewed
series, of questions listed in Table 4. (If the In this effort, the tesearch team gained ane f o r Isi P ro port , (1- 10 weoua rd b ea 2an d a
effort Is proposed, questions (1-10) would be insight into procurement research and herein
applicable, but if the effort was completed 6
research, all questions would be applicable.) s

if negative answers were obtained, the effort 1. It should concern the acuisition or

shoald be diqcarded, or returned to the nrocurement processes. Resea-ch accompl)sh,?d
reerhrfor ceclarification and rework and .rcreetrose. Rsa"hcomlhdresearcher by procurement researchers that does not Involve

then returned for further analysis by the the procurement or acquisition processes makes
re';earch aipproving agency. an inefficient use of limited resources.

lhis algorithm suggests that a certain level of 2. Procurement research should seek soiu-
effort be undertaken by the researchers who pro- tions to procurementroblems. Procurement
poses the study prior to its submission to the research should be applied research; it should
approving agency for acceptance. Resoorces be concerned with seeking solutions to problems
available to the procurement research community laced by procurement managers and personnel.
are necessarily linited and need to be applied
only to pertinent research proposals. Time and 3. Procurement research shodld be cost
funds cannot be ill-spent on poorly defined effective. Procurement researchers should con-
research proposals that return marginal results tern themselves with a cost analysis of their
or have no applicability to the procurement own work. If the research can be performed at
proce., a lower cost external to the otiginating

research agency, then the effort should be
accomplished externally.

WHAT PROCUREMIENT RESEARCH SHOULD BE ...

4. Procurement research should follow the
scientific method. The "Proceedings" indicated

The previously discusse' search efforts con- that procurement research did follow the scie:.-
centrated on what procui.ment research is and tific method in its approach to problem solving.

Future research rhould use the same procedutes!

rManagerial questions as to "who" is going to techniques.
accomplish the research or "where" it should be
done, were not addressed by this algorithm. 5. Procurement research shoutld be unbiased
1ip' shoi, .d hea ani'nloi (A skod' bv Ihe ,tsear , h Proauremen re- earcb should report truc finding,.

1d1,1a.% -1 1 . 1 1 e 1 I'011011 haui l l -0, 11W '1,6tt I 'u,'t "'It.inu,'l'
l 

Itnto, to -uaIt thie resear hters.
tied i ''plovorti eut i-Skalvit' l". rheae quest t iu,. Ii'l' It"r'dttea t pthonld appl Iy a go1 t '. lii Ie.t 'V-

uatoraliy tolluw this alkorithm and not only ity to hi iesetrch ini tin uniaied in hi-,
address the issue oh "who" and "where", but also analysis.
"when" it will be studled (if not ongoing) and
"what funds are available". 6. Procurement research i-hould maie uze of

the best analyt Ical methods. Poor re-a aroh
techniqupe' wasite resources ond prov!tde weak
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solutions to problems that may require strong !.Ipliea that better muthods are perceived for
remedies. A careful, thorough evaluation of a get.ing the task done; the next section offers
procurement research problem can suggest the recom.ondations for improving procurement
best analytical method to use in the effort. research.

7. Procurement research should be original
and not redundant. Prior to d.ing research, Z.ECOMMENDATIONS
procurement people should review previous
studies and ascertain whether a new research
effort is justified or whether the findings of Further studies must be m adie and current methods
a previous study are sufficient, must be changed in order fur procurement research

to he improved. The results .nd conclusions from
8. Procurement research should be shared, this study suggest starting poitts for further

Central procurement information storage facili- studies and alternative courses oi action for
ties should he accessible to all procurement current methods in procurement research. Eight
research organizations, internal and external recommendations for further study and procure-
to the Government. Results should be publicized, ment research improvement follow:
such as those found in the "Proceedings". Only
through the sharing of information can the re- 1. Add research studies with a longei ratue
dundancy he reduced and resources saved, perspective to present problem/reLsonstype

studies. The addition of some longer range
9. Procurement research should be simple, research in procurement may identify influential

,yet accomplish the task. Procurement research factors that are not evident in the short-range,
should accomplish its specific task in the most reactive approach.
direct method possible. It should not confuse
the problem-solving methodology with techniques 2. Areas of procurement research eifort,
designed to impress the requester while hiding significant research progress, and research
the path the researcher used to seek his solu- results should be shared with the procurement
tion. The approach used by the researcher community. The area of sharing infoimation on
should be "fair and reasonable" to all parties. procurement research is essential to the DaD

procurement community. Further research should
be done: (1) to research the extent of the

COROLLARY OBSERVATIONS ON PROCUREMENT RESEARCH problem of how many completed procurement
research studies do not get into the DOD infor-
mation retrieval systems and to cotrect this

Experience gained during the course of this deficiency in information flow, and (2) to find
research may prove enlightening to subsequent a means to identify current DOD procurement
researchers. These observations are summarized efforts in progress and to publicize this in-
as follows: formation on a regular basis.

1. An increasing level of interest in pro- 3. The DOD should adopt the taonomy devel-
curement was noted as a definite trend during oped in this research effort as a common taxonomy
the past few years. of procurement research for use by its agencies.

A standardized taxonomy of procurement research
2. The annual DOD Procurement Research would allow researchers from all DOD ag,acie;

Symposium offers an excellent means for sharing to establish a common framework for commuulca-
procurement research information; however, tion. Not only would researchers be on a common
often other research efforts and results are base, but procurement people couldl und'rstand
not shared. research results from other a.encieq and po!.si- _

bly apply new and better techniques to their
3. Procurement researchers generally do own work. The procurement research I>.onomy

not share their current progress or projects. presented in this study could be a. logial
starting place from which a common DOD taxonomy

4. Often the method or technique that could be expanded. Finally, a couhon taxonomy
resulted from the research effort could be could be used as a data base lnr assigniny
applied to other problem situations, but the descriptors to procurement research in a com-
research itself was done strictly in response to puterized information system.
one problem. General research to improve the
overall acquisition and procurement processes 4. The=.procurement resnaich taxo ,omv that
was lacking. is suggested in this study shatild be criticall

analyzed and expanded. The taxonomy is an
5. The present information retrieval sys- attempt at categorizing the procurMvItt proce';s

tems do not provide a totally accessible system and the field of procurement research. Through
to the researcher. further study, this taxonomy , ould be validated

and expanded to include requirement definition
These corollary observations would be incomplete and use as they impact upon procurement.
without some suggestions or recommendations for
improvement. Indication of a deficient area

431

L A.



5. Furthe grilm for conducting pro- accepted and used. This definition and taxonom~y
curerient re'search and for deciding whether to offer a basis which researchers call use to trelv
research procurement problems should be con- .Iosely define procurement research .,,d its

mtrUcte~i and used. DUring the construction of roat icashil' to the procurement process, Wile
the algorithm, the researtherq; had much diffi- the algorithm provides the researchei or pro-
culty ,n establishing a perspective from which curement. manager with a logical process to

tU ouq nrttut the algorithm. Procurement research evaluate the research eiffort as -o itb applI- a-
call be viewed In terms of a given Output or bility to procurement.
ongoling Process, a method for conducting the

re.acor a method for deciding whether a Lastly, observations en "What Procuremenlt

pr' urement problem should be researched by alt Research Should Be . .. an6 recoinmendat ions for

01 ,vint itoi hoid ividual. Futut e !fforts should furthexr research were offered to the precut ement
rectrcl' these two areas to provide guidelines coiminity as a means of accelerating the evolu-

for conducting rhe procurement research process tionary Pirocess of prtocurementt research.
and for mnaking ' the Important decision of whether
or nlot to undertake a research effort.
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Personal interview, 29 December 1976.

A

433

Z



, ii

• o1 ,1 " *

H, ... .

I I

I ." ' ." '"

I| . 3

!?,.1

CONTACT YCLEIMPRVEMET°.

I . ,°I :*' * '



7, 7. - __ - --

IZVI
LEADTIME MANAGEMENT, A KEY TO mATERIALS MANAGIENT

Captain Robert W. Menestrina, USAF, I!S, CPL, CPCM, CPM

FOREWORD GENERAL MANAGEMENT CONCEPTS

This paper is a condensed version of a paper The manager combin,s resources (men, money, and

presented to the 12th Annual International materials) uses the classic management func-

Symposium of the Society of Logistics Engineers, tions (plan, organize, staff, dirocL and con-

August, 1977. (6) Additional inforwration on trol) and trades off production factors (cust,

this oubject is available from the author upon quality and time) to nake his enterprise pro-

request. ductive. He muet also manage his function
within an environment of constraints and uncer-

Opinions expressed herein are solely those of tainty. This relationship ca:n be visualized in

the author and are not those of the United E-Exhibit 1, below.

States Air Force.

EXHIBIT 1

INTRODUCTION THE MATERIALS MANAGER FUNCTIONS

'The reason for exploring this subject was the Trade

generally perceived failure of the Air Force Use Off

Local Purchase System to meet the Department Combine Mgmt Prod. Minimize To

of Defense (DOD)leadtime standurds for order Resources Functions Factors Effects of Produce

and ship time.
1  

This perceived failure was Men Plan Cost Constraints Output

also recognized by requisitioneru who wer- ag-

gravating the situation by increasing the Money Organize Quality and

priority of their lecal purchase requisitions. Material Staff Time Uncertainty

After careful study and data collection (5) Direct

Several findings emerged concerning local pur- Control
chase leadtime management: 1. The DOD order

and ship time standards are based upon a norma-

tive concensus of expert logisticians' opinions The manager has developed cost and quality

of what leadtimes ought to be, rather than some management syster to control only two of thehe

positive measure of actual leadtimes. 2. Cur- production factors. This paper addresses a

rent DOD order and ship time standards are management system for the third production

averages and not upper control limits. 3. Ac- factor - Time.

tual averages are being compared with the DOD

standards, but a truncation rule used to cal- In addition, the uncertainty of leadtime plan-
culate the actual averages causes a large down- ning is a key reason micro-analysis of leadtime
ward bias in the calculated averages, is critical for effective base and/or plant

level materials management.
The conclusion of this preliminary study was

that current order and ship time standards and By assuming leadtime is constant, the materials

the current heavily biased truncated average manager is acting counterproductively because
do not provide adequate tools to identify and his assumption of a fixed leadtime increases
manage local purchase leadtime, uncertainty and Increases costs.

This paper is an attempt to develop the tools A good exmple of the problem caused by assum-

and methodology necessary to a Department of ing constand leadtimes can be founi if we look

Defense installation level or a Comaercial at the Economic Order Quantity model (EOQ).

plant level leadtime management system. We The EOQ reorder point is a function of both the

will discuss some general management concepts, rate of demand and a reorder leadtlme that is

the use of statistics to reduce uncertainty, usually assumed to be fixed. If the actual

current leadtime research, special considers- leadtime varies and is greater than the assumed

tions in the plant level environment, and a fixed leadtime, we have induced unforeseen

case study. We will than draw conclusions from backorders and have increased costs.

this discussion.

I. Grder and ship time is measured from the
date the customer submits a requisition until

the date the materials are received by the

supply activity.
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LEADTIME AND UNCERTAINTY base level customers are only told the averag"
order and ship time from a source of supply.

TAs shown above, the probability of delivery by
The manager can reduce uncertainty with the the average leadtime is only 50% for one item
help of statistics, probability theory, and and this probability rapidly diminishes if the
control limits. If the manager can form sub- customer has a multL-item bill of material.groups with similar traits that approximate a By developing a planning leadtime policy that

normal distribution, he can assume a normally considers probability, we can have a powerful
distributed leadtime. By using a normally dis- tool to cut costs and reduce uncertainty.
tribu:ed mean and standard deviation, he can
then identify and possibly reduce uncertainty Developing a control limit provides the finalregarding expected leadtime. tool needed to design a viable leadtime manage-

ment control system. If in our example, the
For example, if after data collection, a nor- company chose to audit every demand those lead-
mally distributed group is found to have a mean time exceeded the mean and three standard
of 40 days and a standard deviation of 10 days, 1!2-lations (after 70 days) then the company
we can develop a table showing the probabilitl would only nt. d to audit one percent of the in-
of oze item being delivered on or before a dlvidual demands. Such a control limit would
specific number of (lays after the order was pinpoint the worst cases, require minimum audit
placed. (Fxhfit 2) support, and identify major problems. By solv-

ing problems relating to these extreme cases,
not only will the average leadtime be reduced,

EXHIBIT 2 but the solution probably will have general ap-

SINGLE ITEM LEADTIME PROBs3ILITY plication to many of the other 99% of demands.

Mean (H4) Example P CURRtENT LEADTIME RESEARCH
Std Dev (SD) (Days) (Success)

.4-I SD 30 16%
MEAN 40 50% Current leadtime research is very limited.
h+I SD 50 84% (See Bibliography) Ic is related to production
M+2 SD 6 98% quantities, central purchase activities, or
M+3 SD '0 99% nation wide tudies of commodities or indus-

tries. But these studies may not directly
apply to a base or plant level materials man-

This information cel also be used to improve ager bee ase if their Macro viewpoint, one-time
* projections of delivery of multi-item bills of data collection, large staffs to apply complex

material. The probability of success for on research techniques, emphasis on production
tine delivery of a multi-item bill of material quantities, and the different organizational
is extremely s.,,3 .fve to the company's lead- environment of a centralized purchase activity.

time planning nnlosophy. This can be demon- Bacause of these differences, we must identify
strated by u ;int. the previous example and cal- s,,eciai conciderations in the environment of
culating the pr..3abillty of on time delivery Lthe ba'se or plant level materials manager be-
success for mul.i-item billa of material, fore we can design a leadtime management
(Exhibit 3) s: tem.

EXHIBiT 3 SPECIAL CONSIDERATIONS

MULTI-ITE4 LEADTIJE PROBABILITY

The local environment of the base and olant 1
Planning Example P(Success) Equals (P(S))

i  
level materials manager is different from that

Poli (Days) Whe i - No. of Items of corporate level management. Because of this
local environment, it is impartant to addressN. FIVE TEN the following ape,:inl local considerations when

M-I SD 30 it% .00% .00% designing a base or plant level leadtize man-
NEAN 40 50% 3% .00% agement system.

14+l SD 50 84% 42% 17%
M+2 SD 60 98% 90% 82% 1. Simplicity: As in any system requiring

H+3 SD 70 99% 95% goz data collection, the simpler and mire under-
standable the entire system, the more likely
the people who must provide the data will co-

In this example, the company would have only a operate and provd,, accurate data.
3% chance of obtaining five items within 40
days, but they could improve the probability of 2. Cost Effectiveness: Cost cann, -x, eed
on time receipt if they planned for a leadtime benefits.
greater than tl.e mean leadtime. Currently, DOD
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3. Computerization: A computer is helpful, CASE STUDY
but not essential. The author used a hand
calculator (lIP-80) to calculate the statistics
in the case study. The concepts listed above were used in a case
4. study of 7500 actual local purchase demands
4. Variability: The first line materials man- during a nine month period on an Air Force

ageris oncrne wih a exremly ideandBase. (5) The results of this case w4as thatvariable range of demands, item leadtimes were dramatically improved,
material acquisition system discipline improv-

5. Statistical Process Control Techniques: ed, as did functional cooperation. All the
The materials manager can use a leadtime man- participants in the study had a better under-
agement system to identify groups with unusual- standing of the material acquisition process,ly high leadtimes. and they better understood the need for realis-

tic planning leadtimes. These findings were so6. Sensitivity: The plant level leadtimes are positive, the author strongly xnrges expandedextremely sensitive to both external changes development and use of leadtime management
(OGHA or oil crisis) and internal changes (ab- systems.
sence of key employees).

7. Criticality of Small Orders: The plant HOW TO DESIGN A LEADTIME MANAGEMENT SYSTLM
level material manager is as concerned with
critical small orders as he is with production
qu-ntity orders. After all the above -onsiderations are includ-

ed, a leadtime management system can be design-
8. Large Number of New First-Time Demands. ed by the materials manager. Listed below are

14 important points to use when designing a
9. Standard Leadtime Definition: A standard leadtime management system:
leadtime definition must be agreed to by all
customers and functional managers. 1. KISS (Keep It Simple, Stupid)

10. Continuous Data Collection: Because of 2. Group like items.
the criticality of small orders and the sensi-
tivity to change, leadtime data collection must 3. Track new first-time demands separately,be continuous.

4. Track repetative demands separately.
11. Process Management: The leadtime manage-
ment system is a proc,:ss management rather than 5. Track leadtime overtime.
a project management technique. The manager is
able to control a multitude of demands by use 6. Calculate average and standard deviation
of a limited number of control points, of each group.

12. The Materials Acquisition Assembly Line: 7. Plot group frequency distributions.
All materials management personnel are part of
a paper assembly line called "materiali acqui- 8. Set upper control limit (UCL).

sition process". This is a key concept.

13. Coordination: The plant level materials 9. Audit leadtimes greater than UCL.
manager has the advantage of more opportunities 10. Pinpoint worst cases.
for close coordination with his functional
counterparts. 11. Develop statistical smoothing techniques.

14. Suboptomizing Leadtimes: The overall 12. Establish n viable leadtime planning
leadtime should be minimized rather than mini- policy.
mizing only the leadtime of some segment of the
materials acquisition process. 13. Communicate actual leadtimes to request-

15. Wide Range of Improvements: The various ors.

functional managers have many tools to improve 14. Celebrate success with employees on the
leadtimes, but changes should be coordinated Materials Acquisition Assembly Line.
and controlled to prevent suboptomizationand/or the formtion of new problems.

16. System Study Imroves Leadtimes: Even it
a full leadtime management system is not prac-
ticable for a specific base or plant, the act
of system study will cause improved leadtimes.
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CONCLUSION 7. Newlin, K. D. and Lovell, E. T., "A New A

Approach to Procurement Administrative Leadtime L
(PALT) Management, a Continuing Procurement

Tite challenge offered the materials manager is Problem", September 1976, unpublished. 're-
to develop h!.s own leadtime management system. sented at the 5th Annual DOD Procurement
The effort is worthwhile because of many bene- Research Conference, Naval Postgraduate School,
fits. First, costs will be controlled and un- November 17-19, 1976. To be published in
certainty reduced. Second, as with any type of National Contract Management Association
system analysis, the materials manager's study Journal.
of his own material acquisition process will
give him greater and more detailed understand- 8. Richards, F. R. and 'bomc . M. U., "On
ing of the existing system. Third, a leadtime Choosing a Family of Probability Diarribution
manaserient system offers a method for more for Leadtime Demand", Naval Postgradtiat.

intense coordination among base or plant level Scool, Monterey, California, February 1974.
functional managers. Finally, a leadtime NTIS No. AD-A007-668.
management system =an assist in improving the

moLle of those personnel processing documents 9. Short, R. K., "Determining the Distribi-
and propercy along the materials acquisition tion of rocurement Leadtime Using the 0
process ds.;em1hly line. Graphical Evaluation and Review Tc.2anique",

Army Maerial Command prepared for Te.as A&M
By developing and using a leadtime management University Graduate Center, March 1973. 3TIS
system, the base and plant level materials man- No. AD-.A009-412.
ager can im prove both the certainty of leadtirme
estimates and the actual leadtime performance.

6ien leadtime management joins the cost and

quality control systems as a standard manage-
ment syitem, only then can leadtime management
become a key to materials management.
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HOW TO GET WHAT YOU WANT, WHEN YOU WANT IT

0. M. Sawyer, Jr.

ABSTRACT

For a short while now, I have been dealing with
"stones weiqht," "fortnights," and the varying
"pound sterling." To say the least, in an
atmosphere where your rate of exchange varies
from S1.55/pound te $1.98 per pound in a short
period of time requires a certain amount of
advanced planning. Overseas contracting does
have some rather unique peculiarities; however,
after having been involved in the procurement
process on both sides of the Atlantic, I think
many of the techniques involved are basically
the same.

Perhaps the major difference in overseas con-
tracting efforts is that it is more of a team
concept. In addition, due to a somewhat slower
life style, the planning and initial contract
stage must be started much earlier. Here
again, I think this should apply to Stateside
contracting. One of our major contracting
problems is that not enough thinking and plan-
ning is done at the start to fully describe
and explain what we really want to buy. Many
times we get exactly what we asked for enly to
find it is not what we really want. In con-
tracting, the drawing board and pen are vastly
superior to the written word. In like manner,
the spoken word is worth nothing at all.

This paper deals with commonly occurring con-
tractinq problems that all of us face, in knowing
what we want, but not being able to describe
it; it costs too much; I need it now; and "who
ordered this thing?"

The central part of the paper concerns procure-
ment techniques that have been found useful and
mithods to avoid some pitfalls. The paper con-
cludes with a recommended cookbook recipe for
good contracts. This recipe is by no means all
inclusive but serves only as a good guideline
for a wide range of contract types.
The guidinq theme of the paper is the absolute

necessity to plan your entire contract effort
well in advance and to Involve all procurement
resources available to you in a cc.bined tear.
effort.
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ENHANCED PROCUREMENT PROCEDURES FOR PROCUREMENT OF7' ELECTRONIC WARFARE (EW) EQUIPMENT

Harlon Judd

Air Command and Staff College

ABSTRACT

This study will review the current Armed Ser-
vices Procurement Regulations (ASPR) and Air
Force Systems Command (AFSC) peocurement guide-
lines that relate to rapid procurement of EW
equipn ent. Various regulatory and policy
guidelines will be reviewed as well as recent

I periodicals and other unpublished research proj-
ects that provide current government thinking
on rapid procurement techniques.

Current procurement lead times will be con-
trasted to the expedited procedures set forth
in Quick Reaction Capabilities (QRC) regulations.
Four ieading defense contractors of EW equipment
have been offered an opportunity to provide an
industry input to this study.

The current trend at HQ USAF does not permit
easy approval of QRC procedures. Therefore,
alternative procurement methods will be sug-
gested. Of ciure, the alternative methcds
are less desirable than the QRC process and
will require official sanction before they can
be implemented. The study will conclude with
recomamndations concerning future procurement
proceJures.

I
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HOW TO IMPROVE CONTRACTING PRODUCTIVITY BY MODELING THE CONTRACTING PROCESS

Peter Gardiner
University of Southern California

ABSTRACT

Managing the contractinq process involves three
major concerns: (1) allocatinq human resources,
(2) meeting time deadlines, and (3) maintaining
contract quality control. As demands increase
to produce more contr&cts in less time with
fewer human resources, contract quality will
suffer unless the productivity of the contract-
ing process is improved. This paper proposes
one way of systematically studyinq contractinq
productivity, where contractinq is the process
which produces a document called a contract.
The centrdl idea is that the contracting pro-
cess can be modeled, much as many Production

processes have been modeled, and that throqn
modeling, areas for improvng productivity can
be identified and the tradeoffs among resource
allocations, time deadlines, and quality control
made explicit. While the idea of modeling the
contracting process is a general one, and there
are many modeling tectnmoues available, this
paper presents one simplified example usino
Monte Carlo simulation to illustrate the
approach. The paper concludes by discussing
how such a productivity improvement research
program could be established in practice, iden-
tifying some of the techniques available, and
sugqesting what some of the eventual benefits
of such a program miqht be.

'1
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STATISTICAL RISK ASSESSMENT IN STRUCTURING
AND MANAGING THE LOGISTIC SUPPORT COST COMMrITMENT

Dwight E. collis

Logistics Management Institute

I. INTRODUCTION Two procnrement s in whih h" LSCC has bev
incorporated are the AN/ARN-10t tactical LORtN,

managed by the Ali Force Electoonlics Systems
Tu ing the past few years, the management con- Division (ESD) at Hanscom AFB, Mats., and the
cept ot "Design to Cost" (DTC) has been Impic- F-16 aircraft, manag,,d by the Air Force Aero-
mented with considerable success by the DoD. A nautical Systems Division (ASD) at Wright-
variety of qystem and equipment acquisition pro- Patterson APB, Ohio. In the case of the F--16,
grams have incorporated an average unit flyaway the LSCC Is in effect at tuo levels. Fir,,t,
(rollaway, or sailaway) cost target in the there exists a "system-level" TI.SC, a targ,.t
Jevelopment/production contract early in the I.SC with respect to the aggregate of 280 of the
development phase, in order to coaLrol piogram airLraft's line replaceable unit, ( .Rls). rile
costs throughout the development and production LSCC includes a multi-inillion uollar award tv,
processes. As experience In implementation ol provision with respect to this target but no
the DTC concept has accumulated, however, there negative incentive. Second, there exists
has developed a widespread awareness of the need TLSC specifically with respect to three ,! the
for broadening It to encompass not only develop- aircraft's high cost LRUs: the fire conttol
ment and prod-iction costs but also operating and radar, the electro-optical (E-O) display, and
support (O&S) costs. Indeed, DoD Directive the E-O display electronics. The T.SCC intludeb
5000.28 [5:31 states that "as the ability to provisions for both positive and 1neaativ con-
translate O&S costs elements into 'design to' tract adjustments with respect to this latter .
requirements improves, Desigi' to Cost goals may TLSC.
be extended into this area." It also states
that, at a minimum, "the major operating and This paper summarizes results of recent re-
-pport cost factor. shall have goals estab- search into tbe stat ibtical risks associat.0d
lshed in the form of measurable numbers (e.g., with structuring and managing the 1,SCC. Par-

.,., number: of O&S personnel, reliability and main- ticular attention is paid to the ItmpaLt o
tainability factors, etc.) whicli can be moni- statistical risk on the interpretation of tet,r
tored during test and evaluatici as well as in results relative to the contractual target.
opetatLion." The Joint Logistics Commanders' The paper presents several critical insightI
Design to Cost Guide [4:23-241 also stresses the into the statistical risk properties of the
need for contractual O&S cost goals which are LSCC and discusses how these insights can be
"design dependent, predictable, and verifiable." utilized in structuring future l.SCCs. It dem-
In addition, it emphasizes the need for formu- onstrates the importance of a clear and ade-
lating O&S cost goals In terms of dollars, quate assessment of these risks as a precondt-
stating that "in order to balance all the ele- tion to the effective use o. contractual O&S
ments of production and operating and support cost targets by the DoD in its efforts to
costs with performance and schedule, ... it is reduce system and equipment life cycle costs.
necessary to convert the measures of reliability
atnd maintainability, such as MTBF and MTTR, into
expressions of cost." ii. THlE ROLE OF TIlE COST

MODEL FRAMEWORK
The DoD has begun to experiment ith several
techniques designed to transmit DoD O&S cost
goals to the Contractor. One such mechanism The LSCC uses a simplified cost model framework
used by the Air Force in several recent procure- to represent Government LSCs as a function of
ments is the Logistic Support Cotl Commitment Contractor-controllable equipment logigtics
(l.SCC), sometimes referred to as a Support Cost parameters in the manner recommended by the
Guarantee. The 1.SCC has three key elements: Jctnt Logistics Commanders' Design to Cost

Guide (4:23-24]. Figure I reflects an LSC
i. A target logistic support cost (TLSC), framework typical of those used in recent lSC(.

defined in terms of a logistic support applicatf^ns. (A list of model parameter defi-
cost (LSC) model framework nitIons . pears in Appendix A.) Such a co. t

model framework (CMF) Is usually developed by
2. A field verification test procedure, program office or acquisition management stafi

including computation of a "measured" personnel and provided to competing contractors
logistic support cost (MLSC) as part of the LSCC provisions, ultimately

becoming part of the negotiated contract. The
3. A contract remedy or price adjustment, CHF establishes a basis for formal comnunica-

which is a function of verification test tions between Contractor and Government
results (particularly the MLSC). regarding LSCs.
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FIGURK 1. A TYPICAL. I.C MODEL FRAMEWORK

- ,cst of Iitial spare items

- (Cost of base rpaitr pipeline spares) + (Cost of depot repair pipeline spareA

- (H)(STK) (UC) + [(PFFI)(UV)(QPA)(l - RIP)(NRTS)/ (T.)1 (RCM(UC)

where STK is the minimum value of I such that

XBO(1, Xt) - Y (x - 1) P(xltt)< EBO, I(xlXt) I" Poisson, and

x>I

Xt- ( M)( r I) (RTs)(BRCT) + (RTS) (OSTCOoN)(l - OS) + (OSTOS)(OS)I)

C - co4r of (ra-equipment maintenance

- (total mean number of failures) x (average on-equipment repair cost per failure)

"[(Tl'Tl)(UF)(QPA)/r__F1 x [PAMH + (RIP1(Ql _) + (1 - RIP)(RM4)] x iLR

C3 - cost of off-equipment maintenance

- (total mean number of off-equipment repairs) x (average cost per off-equipment repair)

- [(TFFH)(UF)(QPA)(1 - RIP)/MTBF] x [(RTS)(BMH)(BLR + BMR) + (NRTS)(DRH)(DLR + T)HR)J

Where possible, definitions (see Appendix A) and symbology appearing in this typical LSC model

framework are identical to those used in the Air Force Logistic Command's LSC Model. This

model Is described in [3]. A further assessment of the model as a tool for comparison of

competing systems, trade-off analysis, program cost and performance tracking, and trend

evaluation can be found in [i].

The underlined parameters in Figure 1 (e.g., meets or underruns his LSC target (MLSC < TLSC)

HTBF and NRTS) reflect hardware logistics char- or overruns it (MLSC > TLSC).
acterLstics over which the Contractor has a
degree of control through his design engineering

proceos. These are typically targeted by the III. CHARACTERIZING THE RISKS
Contractor in the equipment proposal. Subse- AND CONTROL PARAMETERS

quently. they are estimated or "measured" during
a field verification test, which covers a period
of from 3,000 to 6,000 hours of operation of the The statistical risks underlying the LSCC can

equipment in its field environment. Virtually be completely described in terms of the fol-
FIll remaining model parameters (e.g., M - number lowing four quantities:

of bases to which the equipment will be deployed)
describe the environment in which the equipment 1. Stetistical risk to the Contractor

will operate and be maint: ned, and are supplied

by the Government with t model framework. 2. Statistical risk to the Government

The negotiated contract includes a target LSC 3. Length of the verification test period In
(TLSC) which reflects the LSC impact of the total weapon system operating hnors (-T)
various Contractor-targeted equipment logistics

parameters. This target exists in addition to 4. An MLSC threshold above which a covntract
edherr CnotrirtlA1 Pon1r And targets such as a vp'ev 0t rctiIred.

JILLU bit i.Lb. c. iiiLd verl~l caotn Lout, 11W.1u, [iv, hf.. LhL-g .rj%,tj L!@ j..ug kVju it V. -
urud" values of these paramutera are /uarLvd 1.irgvi thnan the TLSC. Let this quunt tv t
Into the CM? In place of their corresponding ,,alled the .. nedy thru.*hu Id, lenot". hv RIT.
Contraitor-targeted vslueto atid the resulting It Is vonvenlent to be able to expe, i 1w
cot vaJue in called the measured LSC (,0SC). remedy threshold In terms of some tacter ('iP

A positte or negative contrnct adjustment hi tLmes the TISC. Let the expression TF,
made a e 'i function of whether the Contractor
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retlect this threshold factor. By this We henceforth refei to L, i, T and TF ap the
convent on, "cont rol parameters" of the LSCC.

RT - TF x ri.(;C. 1.
IV. TilE RISK ASSESSMENT MODEL

The development of the TLSC by the Contractor
in his equipment proposal can be interpreted as
his assertion tbat the underlying true popula- As part of the stdy described !n this pap,.r,

tion LSC value, MMLSC, to be estimated by the a risk a.;sessment model was developed which
MLSC will be less than or equal to the TLSC, explicitly incorporates the mathem,tical rula-
i.e. , tionships among the four control parameters

defined above. The relationships indicate
MMLSC < TLSC 111.2 that a change in the value of one parameter

cannot be achieved without a change in the

The LSCC also addresses the possibility that value of at least one of the other three. For
the Contractor's assertion may be false, I.e., example, a change in test length (T), holding
that the threshold factor (TF) co itant, results In

changes in both Contractor risk (t) and 6ovetn-
MMLSC > TLSC. 111.3 ment risk (6). Alternarivelv. a decrease in

Contractor risk, holding the thieshld fa( tor
The basic decision rule incorporated in this constant, can be achieved only at the eApense
LSCC Is (1) to seek no contract remedies if the of an increase in test length. Or if test
MLSC does not exceed the remedy threshold, i.e., length must be held constant but the thresi'old
if factor is allowed to vary, a decrease in (.on-

tractor risk can be achieved by increasing the

MLSC < TF x TLSC, 111.4 threshold factor. However, this also zesults

in an increase in Government risk.

and (2) to seek the remedy or negative adjust-
ment if the threshold is exceeded, i.e., if Because of the complexity of the CMF used in

the LSCC, the relationships among the control
MLSC > TF x TLSL. 111.5 parameters are difficult to formulate pre-.

cisely. This complexity can be overcome
The interval from the TLSC to RT - TF x TLSC through efficient computer prograrming of the
represents a margin of safety in the Contrac- model, however. Such a s.,t of programs con be
tor's favor. used as a vehicle for explicit consideration

of trade-offs among the four parameters. The
The statistical risk to the Contractor under example below illustrates the kinds of Insight.
the LSCC is simply the probability that the and information that it can provide.

Government will reject his equipment when,
indeed, ie has met or underrun his target. Let
us call this probability a. In terms of the V. EXAMPLE

conceptual framework presented above, a is
simply the probability of getting an MLSC value
that suggests rejection of the Contractor's Suppose that an I-CC is to be incorpcated In
equipment when in reality, the underlying LSC the procurement of an item of avionics havir,ng
value, ,M1LSC, which the MLSC is estimating, is an average unit production cost of $40,000-

less than or equal to his target, i.e., $63,000 and an MTBF ranging from 400 to 600

hours. Suppose that the Figure I CMF is used
o - Pr(MLSC > TF x TLSCIMMLSC < TLSC). for the development of each bidder's TLSC and

111.6 subsequent measurement of the MLSC in the ease
of the winning Contractor, henceforth called

In order to develop an analogous expression for Contractor A. In particular, suppose that the
Government risk, we first define TLSC' to be Government-furnished prog-am parameters and
the Government's "rejection target," that is, a verification re-.t parameters are as shown in
specified value of IAMLSC, 2reater than the Figure 2 and the equipment logistics parameter
remedX threshold RT - TF x TLSC, at ,hich the targets for Contractor A, along with -,ovein-
Government wants to ensure a high probability ment rejection targets are as shown In Figure 3.
of rejection. The statistical risk to the
Government under the LSCC is defined to be the The flying hour values in Figure 2 r-present
probability, henceforth called 6, of getting an official program office flying schedule pro-
MLSC value that suggests acceptance of the Con- jections, while the repair cycle times and
tractor's equipment when indeed, hehasactually labor/material rates have their origins in
ovcrrun his target to the extent that MMLSC - Air Force base and depot maintenance and sup-

TLSC', i.e., ply accounting systems. The test length of
3,000 hours represents a figure negotiated

8 Pr(MLSC < TF x TLSCIMHLSC , TLSC'). between the program office and the item u-ing
111.7 command. The threshold factor of 1.25 was
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developed through negotiation between Con- targets identical to thle Contractor',3, but
tractor A and the Governme~nt. decremented MTBF target of 325 hours. In

other words, the Government would like to
k; guarantee rejection in tile case where fontuic-

FIGURE 2. VALUES OFCMF PARAMETERS UNRELATED tor A achieves an mTBF of only 32, hours whit 11-
TO EQUIPMENT CHARACTERISTICS meeting all his remaining parameter targets.

Note that both the target and bounds for tIt
PROGRAM PARAMETERS depot man-hour figure (DM11) are 10 hours in

Figure 3. This is due to thle exclusion of ti,

PFFH - 15,000 hirs./mo. BLR - $11.70/hr. parameter, depot man-hours, from tile s~t of
TFFH - 1,500,000 hrs. BM~ - $ 2.28/hr. parameters to be verified because the rela-
1IRCT - .13 mo. DLR -$12.44/hr. tively low equipment NRTS rate woulIl result In

DRCT - 1.84 mo. DMR - $ 6.72/hr. an extremely small number of depot repiirs

~luring the verification test period and hence.,
TEST PARAMETERS a batis~.caJlv inadequate sample upon which

T - ,000brs.to base an estinato, ot actual D..

TF - 1,002 rs
VI. R7SK ASSESSMENT RES;*lT"

Note: Refer ro Appendix A for parameter
definitions.

For these CMF parameter values and in pait icu-
lar a test period of 3,000 flying hours and a

FIGURE 3. VALUES OF CMF EQUIPMENT-RELATED threshold factor of 1.25, the Contractor and
PARAMETERS Government statistical risks are ref~ected Iin

Figure 4. The Contiactor's probabf!LtV of

having his equipment rejected when he hins

CONTRACTOR A TARGETS (TLSC - $1,250,000) actually met his TLSC ranges approximately from
.23 to .32 with a most likely value (if .28.

UC - 1,50,000 The Government's probability of equipmen~t ac-
MTBF - 300 bra. ceptance when its rejection tat get. has been mi-t
UF - -.0, QPA - 1.0 ranges from .26 to .35 with a most likely value

of .32. The existence of a range of risks fni
Repair Level and Man-Hlour Parameters each party, as opposed to a single point riqk,

is a distinctive' property of the I.SCC. Its
RIP RTS NRTS PAMI I9RMH1 BMfilDMHl cause is the relative complexitv of thip CVF

used for development of the TLSC and MLSC. The
U. Bound 0.0 .99 .20 .50 0.0 2.0 9.0 10.0 size of each risk range Is partially a functicoa
Target 0.0 .90 .10 .25 0.0 1.0 5.0 10.0 of the estimated ranges for thle t-pair level
L.. Botind 0.0 .80 .01 .10 0.0 .10 1.0 10.0 and man-hou. parameters appearing in Figure 3.

However, sensitivity analyses with thle risk
GOVERNMENT REJECTION TARGETS assessment model have shown that thle sizes of

(TLSC' - $1,900,000) the risk ranges are relatively insentttive to
minor revisions In estimalteS Of thle pata.meter

Same as Contractor A except for MTBF -325 hirs. ranges that might occur (luring negotiation (if
the I.SCC terms and conditions.

Contractor A's equipment item has an average unit
productton cost target (UC) of $50,000. a target FIGURE 4. RISK ASSESSMENT RESULTS
M'TBF of 500 hours, and a TLSC of $1,250,000 (see (Representative Cas;e)
Figure 3). The remaininp parameter targets cor-
responding to this TLSC .e fraction of in-place
repairs - 0.0, fract1'-u f base! repairs - .90, Contractor Risk - Pr(Govt. Rejects
etc. In addition to [ita parameter targets, Equipment When Contractor
Contractor A has provided his estimate of thle Target is Mer)-
range of values that his equipment parameters

may ultimately assume in the form of uipper and a = .28, .73 < a < .32

lowei hoitndq. These ranges are required to
OoVL% A IUS%%rIk A-%io--A4,it OF \iutl A01 A.- rl'~im~ ~s c'

6oi uvetusatent stat tu~teal. r i vu 1,.eu Wh1ell G.Zwt . .

Thu cost uvotruit value at which the GovernmentIwants to guarantee a hItIgh probability of equip- V . .. .26
set rejection in this example is TLSC'
$1 ,900,1)00l. TlI4 "~reject ion target" is abu' it

AiZ rt-'let thai' Conrriict ot A'sa tairget. It c,,r- Hence, the eiIstentici of risk ranp'..,. th(,oi).it

rrpti,t to' repaiir i,,vrl and minitowet parmnei-~r rny milke th, 11Cr risk pmnpertiv Ic W 1)t ,Irv soe
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difficult to understand and interpret, doe. Figure 5 also reflects the impact ot Increased
not constitute a serious weakness of the LSCC test length in the case it whic, al eight
structure. parameters are verified. It show Lhat by in-

creasing T from 3,000 hours to 10,000 hours,
The size of the risks appearing in Figure 4 Is Contractor risk can be reduced from .28 to .19
another matter. These risks are high when and Government risk from .32 to .20. This
viewed either in terms of their most likely result illustrates the general fact that because
values or their ranges, and wouid very likely of certain statistical properties of the CIff,
be interpreted as unacceptable in a real-world dramatic increases In test length tend not to
setting. The reason for this is that eight bring about commensurate reduction in riskb.
parameters (MTBF, RIP, RTS, NRTS, PAM!, 1M1, If a further risk reduction is desired, other
RMEl, and BM) are being verified simultaneously changes can be explored, e.g., a change in the
and the variabilities of the individual parame- threshold factor (TF), a redefinition of the
tcr estimates are combining through the CMF to Government's rejection target (TLSC'), or even
produce a high variability in the MLSC. Since minor changes in the CMF.
the concept of simultaneous verification of
several logistics parameters is central to the
application of LSCCs, the likelihood of high VII. AGGREGATION OVER SEVERAL ITEMS
risks is an intrinsic property of the LSCC when
it is defined with respect to a single equip-
ment item. A particularly notable property ot th 1,CC

clarified by risk assessment model analyses i,
Experience with the risk assessment model sug- that statistical iI sks can bi ri-duced by appl
gests that in many cases, steps can be taken to Ing the LSCC to a group of items, in which case,1
reduce these risks with a minimal dilution of a single TLSC is developed for the aggregate of
verification objectives. Two approaches are items instead of separate TLSCs for each i ili-
described in Figure 5. The first Is to reduce vidual item. Figure 6 illustrates thispropcrtN.
the number of parameters to be verified. Ver- Suppose an LSCC is implemented with respect to
ifying only MTBF instead of all eight logistics the procurement of three items, all to be pro-
parameters in our example reduces Contract.:r duced by the same contractor, and that the
risk (most likely value) from .28 to .22 and average unit costs and target KTBFs for the
Governmcnt risk from .32 to .24. A variety of winning bidder again called Contractor A, are
related strategies exists. One, for example, as shown (where it is assumed for purposeb of
consists of verifying all eight parameters but illustration that the remaining eight parameter

- defining two separate MISCs: ona (say MLSC 1) targets for all three items are identical to
with MTBF being held constant at its target and those used in the original single item example

!6 the remaining seven being estimated, and the in Figure 3).
other (MLSC 2) with just the opposite conflgura-
tion, and then defining MLSC as the average of If a TLSC were defined for the first Item inly.
LSC 1 and MISC 2. This strategy reflects a small the Contractor risk would be .28 (must likely
rLduction in verification potential to achieve value of range) and the Governme:t risk, assum-
muc'i irore favorable risk characteristics. log a rejection target of TLSC' - 1.5 x "TLS(.

(resulting, again, only from a decremented
MIBF) would be .32.

FiSURE 5. RISK ASSESSMENT RESULTS
(Al'-ernative Approaches)

FIGURE 6. AGGREGATION UNDER THE
LSC COMMITMENT

REDUCING THE SET OF PARAMETERS TO BE VERIFIED

- Same as ReIresentative Case except only AGGREGATION REDUCES STATISTICAL RISKS
MTBF is subj.ct to verification and all
remaining par,:meters are assumed to - Item 1: UC - $ 50,000, MTBF n 500 hirs.:
achieve Contrattor targets a - .28, B (1.5 x TISC) - .32

- Contractor Risk - ct z .22(.28) - Item 2: UC - $ 75,000, MTBF - 250 hrs.:
a - .22, a (1.5 x TLSC) * .26

- Government Risk - 6 z .24(.32)
- Item 3: UC - $100,000. MHF - 150 hrs.:

INCREASING TEST LENGTH at - .17, 8 (1.5 x TLSC .21

- Same as Representative Cise except - Items 1, 2, and 3 in Aggregate:
T - 10,000 hrs. (3,000 hrL.) a - .10, 8 (1.5 x TSC) .10

- Contractor Risk - a z .19(.2,1)
Figure 6 shows similar results for Items 2 and

- Government Risk - 8 z .20(.32) 3, assuming individual targets and the same
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threshold factor, TF = 1.25, in each case. The weapon system level in conjunction with an
progressively lower risks result from an in- aggregate, LSCC. Such a set of dual macro tar
creasing ratio of test period length (again, gets, if they could be unambiguously defit,L,I,
3,000 hours) to MTBF, which reflects the like- would have the effect of controlling aggregat,
lihood of more failures being verified and con- costs of support resources utilized while pre-
sequently, increasing statistical confidence. venting tne logistics performance of any one

Item from getting too far out of line. The
Figure 6 indicates that by summing the targeted formulation of system level targets on readiness

LSCs for the three items and defining the formal that functionally incorporate subsystem per-
commitment TLSC in terms of this sum, a rather formance is not an easy task, however, and
dramatic reduction of both Contractor and requires further research.
Government risks to .1 is achieved. The cause
of this reduction is the existence of statisti-
cal independence of verification test data VIII. THE FUTURE ROLE OF RISK ASSESSMENT
among items. This independence has a smoothing
effect on the MISC.

The risk assessment procedures discussed in this
The rroperty of reduced risk under aggregation paper provide the Government with a powerful
is noreworti-," and suggests that use of the LSCC new tool to reduce the life cycle costs ef
should be given serious consideration as an LSC military hardware. 1hey add consider Yle sub-
reducing mechanism in procurements where the stance to the concept of the LSCC and their
possibility of cost aggregation exists. How- development has numerous implications for the
ever, two caveats should be noted. The first structuring and management of the ISCC.
,iet:s with the passing down of LSCC provisions

from the Prime Contractor to his subcontractors. "he risk assessment procedures can be used to
Suppose ar LSCC is implemented with respect to cevelop LSCC structures that maximize Contractor
an aggregate of items under a prime contract incentive to reduce real Government incurred
and risk analyses indicate that the negotiated LSCs while maintaining statistical risks to
threshold factor and test length reflect accept- Contractor and Government at acceptable lev,lI .
ably low risks to both the Government and the For example, the impact of alternative CMFs o.
Prime Contractor. Considerable caution should tie relationships among the control parameters
be used by the Prime if he passes down essen- (a, 8, T and TF) can be assessed in a rigorous
tially the same torm of LSCC provision on an manner. This capability can pave the way for
item-by-item basis to his subs. If subcontract development of CMFs which adequately represent
remedies o. price adjustnents are based on the the costs of actual equipment denands for logis-

a e threshold factor and test length, subcon- tic support resources while reflecting (1) mini-
tract statistical risks may be prohibitively mal risks to Contractor and Government, (2) a
high. The likelihood of this occurrence may threshold factor (TF) value which Is a( eptable
call for the substantial modification of LSCC in tie contract negotiating envtrounent, and
structure at the subcontract levul, e.g. , a (3) a test length (T) value that i. realistic
provision for additional verification testing vis-a-vis using command objecttverand operating
of certain items at tire expense of the Prime constraints. The procedures an also be used
Contractor. in this experimental mode to Isolate those

rtases of equipment which, due to the nature
The second caveat deals with the masking of bad of their demands on supply and maintenanuc re-
reliability and maintainability Performance of sources, would be particularly well suted for
individual Items. When an LSCC is implemented use of the LSCC. For example, experimentation
in the aggregate, it is possible that one or to date suggests that equipments exhibiting

two ites will have exceptionally high measured relatively lower unit coits or requiring fixed-
LSCs during the verification test, but the length overhaul intervals tend to result in
aggregate target will still be met due to the lower statistical risks.

offsetting effect of lo- measured LSCs for the

rem ining items. Fror he point of view of !aving developed an explicit relationship among
cost, such an occurrence does not reflect a the four control parameters of the I.SCC, we rrun
problem, since the Government's primary concern now make some Gignificant observations regarding
is with aggregate ,SC and the LSCC has presuma- how these parameters should be set In a real-
bly shown whether the aggregate cost target has world contracting environment. It would he
or has not been met. desirable to :e able to determine value for

alI four parameters during developet of .he
tto th!u . i l l l V*4) T-Or oi~l A 0~tV?%S.,1 fol.a .fo r-(,,.l , y~l *0 ,: .. :
probleu fr'om tot. point of View of total wrlitllt ',ost..t ItsIt l . 't -t e-_ xt I

"

system readineas, since the one or two poor studln., of trade-ot r among the t-."r r,m t ',,
purformiig items, while not causing prohlb- h-y (overnri,.nt per ,inn,,t. ",:rtt',rmor., it w-uid
tvlvts high iagt,-gnte LSC, may ultimately be' provde both Govertinent anti ( ,, , , -th

prime v'lrtojul of weapon system down time In t. time to sturdy tire .SCC statisti . i , harac-
field. There ate no nimple solutions to thin tenristics; prior to negotiation of detailed
problem. One possible alternative is the use terms and conditions of the LS.CC.
of a ront ractual target on readiness at the
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Such a priot determination of control parameter thresholds, and test lengths. Through this
values cannot be made, however, because precise analysis, those LSC Commitment configurations
assessments cannot be generated until the that most effectively convey Government LSC
contractor's targets for all parameters to he reduiction goals to the Contractor can be found.
veril ie rt, known. In othei words. v.rloui
risk propetrtes ot the LSVC nlturaIIy dillor I'hl 1uIoltuAklooU VeI t1171.0loii l Re { , 1
fron one bidder to the next. Consequently, logistics parametela in he operationel Ciat-
only preliminary estimates of risk characteris- tenlrent called for by the LSC Commitment tends
ties baaed on Government assessment of industry t- result in either high statistical risks to
capabilities and experimental runs of the risk ContLractor and Government or unacceptably long
assessment moiel can be undertaken prior to field ver:ication test periods. The tech-
receipt of bidders' prope.nsais. In view of thic nique of applying the LSC 0'mmitment with
constraint, a possible scenario for determna- respect to an aggregation o. equipment Items
tion of parameters is described as follows: results in reduced risks, arid hence may provide

a workable solution to this problem. But the
Step 1: An upper bound on c - Contractor risk technique has the potentiat drawback of masking

is incorporated by the Government in the RFP poor logistics performance of a small number of
as a guaranteed condition of the LSCC. equipment items in the aggregation. While tLhis

attribute is not a matter of primary concern
Step 2: Each bidder submits a TLSC with tar- from the standpoint of aggregate LSC expendl-

gets for parameters to be verified as part tures, it may contribute to reduced visibility
of his proposal and the Government selects of logistics performance impacts on weapon
a source for equipment development and system readiness.
production.

The LSC Commitment is an Innovative con-
Step_.: Subsequent to contract award, the tracting technique. It embodies the appealing
Government inserts the winning bidder's concept of a macro target to summarize aggre-
parameter targets and Government rejection gate costs and transmit multiple incentives to
target- into the risk assessment model and the Contractor. However, because it has been
trades off test length (T), threshold used in only a small number of contracts to
factor (TF), and B - Government risk sub- date, the LSC Commitment's effectiveness as a
ject to the upper bound on u, until a set contracting and management tool requires con-
of control parameter values that minimizes tinued evaluation. Future applications should
expected LSCC costs to the Government is be on a selective and controlled basis.
found.

This scenario provides an explicit limit on sta-
tistical risk to the Contractor well In advance REFERENCES
of negotiation of detailed terms and conditions
of the I.SCC, while, at the same time, attempting 1. Betaque, Norman E., Jr. "An Evaluation of
to provide maximum flexibility to the Government the Logistics Support Cost Model" (WN
In its search for a minimtun expected cost 7501-2). Washington, D.C.: Logistics
position. Management Institute, August 1975

(unpublished working note).

IX. CONCLUSIONS 2. Collins, ight E. Analysis of Statistical
Risk in the Use of Logistic Support Cost
Cormitments. Washington, D.C.:

The research summarized in this paper has led Logistics Management Institute (forth-
to several broad observations: coming report).

- The use of a simplified cost model framework 3. Concepts and Analysis Directorate, Acquis-
as a basis for logistics targets and measure- tion Logistics Division, Air Force
ments provides a mechanism for focusing Con- Logistics Command. Logistics Support
tractor design efforts on equipment characteris- Cost Model User's Handbook, ALD/XRSC.
tics affecting failure rates and repair require- Dayton: Wright-Patterson AFB, August
ments commensurate with the relative impacts of 1976.
these characteristics on LSCs. However, the
framework must be developed with care to ensure 4. Departments of the Army, the Navy, and the
that it summarizes these cost impacts accurately Air Force. Joint Design-to-Cost Guide:
while simultaneously being simple enough to be Life Cycle Cost as a Design Parameter
interpreted without confusion in a contracting (DARCOM P700-6,, NAVMAT P5242, AFLCP/
environment. AFSCP 800-19). 11 June 1976.

- Analytical techniques described In this paper 5. Directorate of Defense Research and Engl-
can be used to assess trade-offs among alterna- neering. Department of Defense Directive
tive LSC Commitment model frameworks, risks, 5000.28, "Design to Cost." 23 Hay 1975.
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APPENDIX A NRTS - the fraction of removed items expccted
LSC MODEL PARAMETER DEFINITIONS to be returned to depot for repair

( 1 - RTS) (C)

BLR - the b:asi labor rate (S/man-hour) (G)* OS - the fraction of the total force
deployed to overseas location (G)

BMHI - the average number of man-hours to per-
form intermediate level (base shop) OSTCON - the average order and shipping time

maintenance on a removed item including within the CONUS (G)
fault isolation, repair, and verifica-
tion (C) osros - the average order and shipping tirme

.to overseas locations (G)

BMR - the base consumable material consumption
rate (including minor items of supply PAI - the average number of man-hours ex-
such as nuts, washers, rags, etc., which pended in place on the complete
are consumed during repair of the item) system fpr preparation and access of
(G) the ite; for example, jacking,

unbuttoning. removal of other units,
BRCT - the average base repair cycle time in and hookup of support equipment (C)

months, i.e., the elapsed time for a
RTS item from removal of the failed PFF11 - the peak force flying hours, i.e.,
item until it is returned to base the expected total fleet flying
serviceable stock (G) hours for one month during the peak

usage period (G)
DLR - the depot labor rate (S/man-hour) (G)

QPA - the quantity of like items within the
D11 - the average number of man-hours to per- parent system, i.e., "quantity per

form depot-level maintenance on a application" (C)
removed item including fault isolation,
repair, and verification (C) RIP - the fraction of item failures which

can be repaired in place or on line
DMR - the depot consumable material consump- (C)

tion rate (analogous to PM1R) (G)
RMH - the average number of man-hours to

DRCT - the average depot repair cycle time in isolate a fault, remove and replace
months, i.e., the elapsed time for a the item, and verify restoration of
URTS item from removal of the failed the system to operational status (C)
item until it is made available to depot
serviceable stock (G) RTS - the fraction of removed items ex-

pected to be repaired at the base
EBO - the maximum allowable expected number of (- 1 - NRTS) (C)

unfulfilled demands for a given LRU at
the base at any point in time (G) STK - the stock level of the item at each

base (M)
I4

IMt - the average number of man-hours to per-
form corrective maintenance of the item TFFH - the expected total force flying
in place or on line Including fault hours over the program inventory
isolation, repair, and verification (C) usage period (the projected l'fe of

the item) (';)
M - the number of operating locations (G)

UC - the negotiated unit cost of a spare
MTBF - the mean time betv-en failures in operat- item as of the end of the verifica-

ing hours of the tem in the operational tion test (C)

environment (C)
UF - the ratio of operating hours to fly-

Ing hours for the iten (C)

Note: C - supplied by the Government XBO - expected number of backorders of the
C- upplid by the Cotractr item at a given base as a function

of the stovk level. i, and the nean

rate of ,tvmsnds, At, for the item (MI
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TRAINING DEVELOPMENTS: A MEANS OF INFLUENCING LIFE CYCLE OSTS4

Major Troy V. Caver, United States Army

ABSTRACT ABOUT THE AUTHOR

STUDY PROJECT GOALS Major Troy V. Caver, US Army, to a Professional

Engineer (Industrial), and has been interested

in military hardware procurement and project
To determine tf training development can be management since attending the US Army Gutted

considered along with hardware developments, Missile Systems Officers course in 1968. He is

in the system Ppproach, for trade-off consider- a graduate of Henderson College in Arkansas
ations for achieving lower life cycle costs and (BS), University of Texas at El Paso (MSZE),
if so, how? the Command and General Staff College, the

Armed Forces Staff College and the Defenae

Systems Management College, 'Project tana3er's
STUDY REPORT ABSrRACT course' where this research study received the

Commandant's distinguished award. This study

was also selected as tne US presentation to the
This report examines new training concepts de- Army Subgroup of the EURO/NATO Train!ng C:nfer-

veloped throughout DoD over the past decade. ence in Rome, Italy, in October 1977. He has
The concepts that show promise for reducing six years of combat developments experience and

life cycle costs are considered for trade-offs additionally has served in operational units In
with hardware developments. The process of Germany, Korea and as an Infantry and Field

trade-off considerations is treated with a mar- Artillery battalion advisor in Vietnam. He
gLnal cost-marginal benefit analysis (put the holds the Air Medal and Bronze Star with "V".
investment where it provides the biggest re-
turn). The writer then conducts a sensitivity He is presently assigned to the Program lag.se-

analysis on parameters affected by training us- ment Office for the Division Air Defense Gun,
ing a computer model to determine a trend in Dover, NJ 07801, (AUTOVON 880-6582).
life cycle costs/savings. The writer concludes
that many benefits can he derived by Investing
more in the training subsystem, in some cases,

even at the cost of the hardware subsystem.
These investments appear to be best placed in

training and technica: documentation or in job
performance aids. He concludes that not only

should this type investment reduce the life
cycle cost but also provide job enrichment,

hi.gher operational availability, fewer mainte-
nance personnel requirements, fewer training
course requirements and other savings.
The Implication of the study is that Project
Management personnel concentrate on the hard-
ware aspects of a developing system while

training developments provide a greater return
on the later investment and provides expecta-
tions of greater user satisfaction.

SUBJECT DESCRIPTORS

rraining Developments
Technical Dotumentation
Job Performance Aids
Life Cycle Costs *The complete 40 page study with mor4 illustra-
Life Cycle Saiings tions is available from Defense Lcgistics Stud-
Life Cycle Cost Models ies Information exchange, DLSIE, ADA O45447
Trade-Off Analysis (AUTOVON 687-2240).
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TRAINING DEVELOPMENTS: A MEANS OF INFLUENCING LIFE CYCLE COSTS*

Ma,'or Troy V. Caver, United States Army

EXECUTIVE SUMMARY INTHODUCTION

rnis study examines the benefits of recent The job of maintaining a ailitary force in
Training Developments which are the results of high state of readiness falls on the military
integrating technical documentation and train- cormander. On the modern battlefield he is o-
ing techniques Into a composite package. It ing to be equipped with sophisticated weapons
also examines the results of Training Develop- and suppc't equipment more complex than ever
ment studies conducted in all three US Ser- ,,efore. le ,.as a major task of aintainini
vices. It includes insights into the problems those weapon, in a high state of readiness and
of ac.iovIng expected operational availability, to employ them in thctr mission whenever re-
xaintainability. and lower Life Cycle Costs for quired to enter the battle. Powever, for years
new systems. The maintenance documentation reports from users throughout the world nave
concepts are examined Illustrating the inter- expressed concern and great difficulty .r main-
relationships of technical and training docu- taming readiness conditions required. Many
mentation with systems maintainability. The factors have been given as contributing causes
implications of using documentation concepts such as lack of repair parts, high equipment
tailored for specific equipment type were in- failure rates, long times to repair, and inae-
vestigated with the expected results recorded quately trained maintenance personnel. Our
herein. Representative findings from the stud- servicemen and the country deserve equipment
tes, tests, and experiments examined were used that once employed in battle can be expected to
as computer data changes to a life cycle cost remain operational for the duration of the e1s-
model with the coeputed results included in sion. Any system found to be nonoperable sht-il
this reoort. These results were examined in be expected to be brought back to an operable
light if recent oD guidance to reduce Life condition in the minimum amount of time.
Cycle C:osts. it is concluded that the proper
selection of promising training development in a statement to the 94th Congress Second Ses-
concepts such as technical and training docu- sion 3 Feb 1976 concerning DoD Research, Devel-

mentation will reduce life cycle costs and in- opment, Test and Evaluation Program,
crease operational availability. Other more Dr. Malcolm Currie stated:
specific expezcatlone are reduced personnel re-

quirecents, reductions in training ti-te, do- "Since reliability, maintainability, and direct
creased mean time to repair, fewer job special- personnel costs influence operating and suport
ties, reductIon In spare parts usage, greater costs, the DSARC has been imposing more strin-
user sat tsfaction, and a 'ore usable support gent requirements for reporting actual field
pancage for foreign military sales, reliability and maintainability achievements

and related support costs throughout the life
It is further concluded that an overall systems of each program. This action will focus in-
effectiveness approach is required to give suf- creased management attention on these elements
ficient emphasis to training and support and of life cycle costs...."
insure nroject managers plan and contractually
support the selection and development of the
effective materials.

It is also concluded that revision of existing
technical and training dr -imentation may be a
viable alternative to u; rading system perfor-
mance and may be more cost effective than the
customary hardware modifications of Product
Improvement Progre.s (PIP).

The implication of the study is that present
practices emphasize inherent hardware reli-
ability and availability values while ignoring
enhancement through improved training develop- *The complete 4O page study with more illJstr3-
mente, a relatively simple means of receiving tions is available from Defense Logistics Stul-
greater payoffa and Inireesed user VstisfaOtion tea Information oxcta.ge, DL0. 4flA O'5.7
while reduoing life cycle costs. (AUTOVON 687-2240).
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SI.teuL.*,ant Gen, r.al George Saimaet, .h', Deputy $10 billion per year (this figure varies witti

CommanJing Getrai for Haievret Cevelupment, toLal DcD strength currently 2.IM). It we, then

Army 11ateriel Development and IHadines Com- inject training costs, the DOD maintenance per- .

mand, .peaking at the American Derense Propar- -onnel support is easily In excess of $12.4 7;
edness Association Tank ALtomotivDi Ovision billion per year (:50). The primary purpose"

Heeting in Monterey, California, 17 Nov 76 for stating these facts is to put eaphasis #.n

state.J: the publications, traln.ng and peruonnel -yq-

temis -- three of the many disintegratud (3).
"Along with good maintenance is good technical elements, reference Figure 1, of systems under

data. If you are goig to tune up your Ford development, each or which should integrALe and

you can't use d Jaguar manual to tell you how improve system effectivoness by better tra~ning

to do it. Using some of our manuals Lia the developments. Within the DOD communlty
past was about lik< using a Jaguar manual to m..ny experiments and demor.strations have shown
fix a Ford. Out- old manuals were difficult to .hat improvements to technical manuals and

read, or there were no illustrations, or th-- other new ways c' presenting informatton may

illustrations were all wrong -- or at least enable techniciats to perform faster eind more
wrongly placed in the manual. Some are still accurately, and with le3 training. These

that way. But we are correcting this situa- techniques have the potential of reducIng the
tion. We h,tve to, it" we are truly going to cost of maintenance and mdintenance suppqrt

have euiLpment readiness." (training) by 25-50% and at the saa.e time

improve the equipmet availability. Two

Later It, also stated: studies conducted for DOD elements ia recent
years were relied on heavily for this papji'

"You can't put reliability in a vehicle after (1,2). Each of them reviewed and reported the
it's in the field. ...Reliatbility has to be many techniques and concepts used in .iprOving

built into a vehicle, and it's not going to training and maintenance. This paper will pre-

get there by accident. sent the results of many of these examinatibns,
discuss the applications and rOco0a4nd sqiveral

The eame goes for Tech (technical) Manuals. steps that DQO should take in implemontIng. Vie

They don't write themselves, yet manuals are results,

as much a part of readiness as the mechanics

tool kit...."
PUHPOSE OF TillS STUDY PROJECT

Also, while discussing support coat and Design

to Unit Production Cost (DTUPC) he stated:

It is the p.rpose cf this paper to exaaine'the
"Our or-Itics argae that ge should have been the resdlts of studies and experlients conc in-

talking DTUPC and life cycle costing all the Ing neow training development concepts (Section
time. Since the life cycle cost is a lot III) and to consider the influence on Syte

tougher number to predict,, we did push it into Lif ee cost wther epplylng, these new coo;-
tie background. Well, its time has come -- ap cepta.

they say on TV.-- to get the whole package un-
, der a life cycle cost, figure."

SPECIAL GOALS OF THIS PAPER
Over tih& past ten years, DOD has put much

emphasi3 on improving the maintenance of the

hardware by emphasizing reliability and main- The goal of this paper is Lo pnswer the follow-

tainability as design criteria and the develop- lng quetLon: Can training and technical docu-
ment of automatic and built-in test equipment. mentation developments for achieving lower'life

Very little attention, however, has gone into Cy2le costs and If so, how?

Improving the maintenance Information. The

conventional technical manual system has ex-

isted without change for decades. Some gradual SIGNIFICANCE OF THE STUDY

improvemnt has occurred but 
there has been no

innovative thrust to improve the effect ive..es1

of the people portion of our maintenance 3ys- Many Department of Defense Directives and In-

tom. Also, as stated by Dr. Currie later in structions have been publishad stating Life

his referenced presentation, approximately 25% Cycle Cost will be used as a constraint in Sys-

of all military personnel are acployed in full tam Acquisition. Other documents have statel

time maintenance service. This does not In- the Importance of user involvement. However,

clude operators of trucka, tan;s, guns, etc. the primary ephets of program managers and
It we consider tho individual Cost at $20,000 the system acquisition process continues to be
per man year (a low estimate) this represents hiatab=,z development .mnd acquisition. 'While it
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is obvious that the primary element of the sys- - Material is developed with the target au-
tem initially is the hardware, and the early dience and work conditions in mind.
concern is in hardware development, it is not
at all clear to this writer why the 'hardware - Technical data is presented in job se-
fascination' continues throughout the acquisi- quence 'd organized for accessibility.

*1-1 tion process at the expense of the other, system1 elements. If the many results of this study - Trains , and Technical Documentation are

are recognized by DoD policy makers as worth- integrated.
_ |while, the 'hardware acquisition process' will

become the 'system acquisition process' in fact - Technical manuals and training packages
and not just in print. The benefits of such a are verified by users under realistic con-
change are obvious as hardware is only one of ditions prior to acceptance.

the mally subsystems of the total system.
Man's limitations and capabilities must be con-
sidered early in the hardware design and then

TRAINING DEVELOPMENTS AND OTHCR personnel must be trained to the skill level

RELATED SUPPORT DEFINITIONS required to operate, maintain, and support sys-
tems and equipment for ultimate effectiveness.
They can do this only with proper technical

This section is to examine the meaning of data.

training developments and related terms such as
Job Performance Aids, technical data, and main-
tainability as used in this stud:". TECHNICAL DATA

TRAINING DEVELOPMENT Technical data provides the link between the
man and the machine, the maintenance technician

and tl.e part, the driver and his tank. Tech-
Training development as evolving throughout DOD nical data are written instructions such as
(4:33) integrates technical documentation and drawings; operating, maintenance, and modifica-
training into a composite package which pro- tion manuals, specifications, inspection test,
vides a reference state of all information and calibration procedures; and computer pro-
needed to operate and maintain an equipment grams required to guide people performing oper-
system. The technical documentation contains ations and support tasks. It is difficult and
fully detailed, Illustrated instructions which impractical to maintain or operate much of the

enable novice technicians to perform complex complex equipment now being produced without
tasks with little or no training. The training clear and simple written guidance. Thus the
materials consist of self study lessons which scheduling of technical data developments and

teach the preliminary skills necessary to use distribution must mesh with equipment produc-
the documentation in operating and maintaining tion schedules.
the equipment.

MAINTAINABILITY
JOB PERFORMANCE AIDS

Maintainability is a design characteristic
Job Performance Aids may be booklets or viewing which is expressed as the probability that an
devices which present step-by-step procedures item will be retained in, or restored to, a
wit-- simple illustrati)ns supported by easy to specified condition within a given time period
read cext. They present the soldier with tech- when maintenance action is performed. A para-
nical data in an illustrated, easy-to-read, meter often used as an expression of maintain-
step-by-step format supported by a training ability is mean time to repair (MTTR).
package which intagrates the necessary material
to teach critical tasks, frequently recurring
tasks, and procedures relative to troubleshoot- A REMINDER
ing, safety, and emergencies. Key features of
the new training development concepts are that

+ (4:34) :

Maintainability is the ghlJ It of the item to
- Development. is based on an analysis of job be maintained whereas iA.Jsn A is a series

and task requirements. of actions to restore or retain the item in
the specified condition.
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The maintainability characteristic of hardware While one would assume that the current min-
dominates the number and types of trained per- tenance documentation is suitable, it rarely
sonnel, tools, equipment, spare parts, and is. In analyzing the maintenance actions fv-
technical data ror support of the equipment in the doppler radar system of the C-14I, the Air,
an operational environment. Force found that the isolation and repair of

one malfunction required reference to 165 pages
of 8 documents (2:10).

RESULrS O ' STUDIES EXAMINING NEW
CONCEPTS IN TRAINING AND DOCUMENTATION In aLI of the experiments and field tests, in-

experienced technicians performed better with
fully proceduralized aids than with convention-

This section presents the v'esults of the many al documentation. Often, particularly when
studies, tests, and experiments conducted to troubleshooting, the Inexperienced technicians,
develop improvements in the military training even those who had attended the prescribed
and technical docurentatitin school, were unable to perform at all using

conventional manuals. However, 'hey ,ere able
There have been Approximately eighty 'new con- to perform with minimal errors usin, the aids
cepts' designed or developed to make improve- and their time to repair approached the time
mants on the performance of the personnel, experienced technicians required when the lat-
primarily thro-igh improvcd manua!s (2:12). ter used either conventional or experimental T
Twenty-five research reports on some 30 new documentation.
concepts report improvements in Job performance
or reduction of training time when manuals in- To summa:ize sorie key findings of the studLe:
corporating the new concepts were used. These
reports were examined with the following two - Repair time was reduced by up to 33 per-
questions in mind: cent, with 80 percent fewer errors (BFIC)

(2:13).
1. How are the research results converted

.nto lowering the cost of ownership? - As much as forty-two percent more malfunc-

tions were found in 41 percent less time
2, What are the fundamental processes that (MAINTRAIN) (2:12).make these new concepts so effective?

- Diagnosis time fell by as much as 67 per-
The examinations revealed that improvements cent (British Algoritthm) (2:13).
must case from one of these: - Traintng time was reduced as much as 60

1. Reduced training time. percent for troubleshooting tasks and up
to 100 percent for non-troubleshooting

2. Reduced number of personnel required to (1:35).
do the job. (Increased proficiency of' individ-
ual men.) - Inexperienced technicians using Job Per-

formance Aids performed better than expe-
3. Reduced errors (reduction or false re- rienced technicians using traditional-type

movals improved by increased proficiency). technical manuals (Non-Troubleshooting
JPAs) (2:13).

The assumptions common to the new concepts are
that experts can analyze the equipment, deter-
mine what should be done to it in every possi- CONSIDERATIONS OF APPLYING THESE CONCEPTS
ble situation, and record this in technical TO REDUCE LIFE CYCLE COSTS
manuals so that even a no,'-ce can use it to
perform the task correct . Using the new
kinds of documentation, personnel with half' as This section examines the effects of the total
much training as groups using standard tech- systems life cycle costs when the study results
nical manuals, were able to correct three times are applied. For the maximum savings to be
as many malfunctions per unit time in a major realized, incorporation of these new training
radar system (2:10). All the concepts are noncepts must be planned for as early in a sys-
directed at telling the man WJzj to do instead tems development as possible.
of teaching him about the system details and
training in what is basically design engineer- Many Program Managers will undoubtedly feel
ing information. It emphasizes t and that training and logistic euoport are either
not tg ghing. The now types of documentations minor elements of their program or ,, e"ne
provide a more intelligible product. else's primary responsibility. Foi them the

following is provided:
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QUOTE FROM DESIGN TO COST POLICY IN THE ARMY Systems 100% -

MATERIA1. COMMAND GUIDE, DEC 714 AND INDORSED ON
3 JUL 714 IN A SECRETARY OF THE ARMY MEMORANDUM Effectiveness
TO THE CHIEF OF STAFF, US ARMY. SUBJECT: DE- 80 -

SIGN TO COST (Personnel)

"Our ultimate objective is to minimize the Level at 60o
total life cycle cost of ownership or a weapons
system.... potential cost/performance trade Desired
offs and engineering changes Must be evaluated 4o -

in terms of their impact upon the overall cost Performance
of ownership of the system and appropriate
weight should be given to this factor during 20 -

source selection evaluation. Higher acquisi-
tion costs are acceptable provided that the ad-
ditional investment will be amortized in a
reasonable period of time through lower opera- Training & Documentation
ting costs. However, designers should not be Investment
permitted to lower hardware acquisition Costs $N
to meet a design-to-cost goal if it would re-
sult in an uneconomical Increase in operating *Note the scale of the two curves is not the

and maintenance costs." same. A $100K Investment in training and docu-
mentation could be expected to provide consid-

The systems of the future will be required to erably more performance increase in system ef-
follow a design to cost philosophy. As human fectiveness than the same investment in hard-
resources are a significant part of the life ware.
cycle Costs Of a system, to demand that systems
be designed to human quality and quantity re- Most system acquisition programs are constrain-
source constraints from the very beginning is ed by dollars, schedule, and performance. As
not only reasonable but necessary. The charts money Is invested over time, the performance
on Figure 2 show growth Curves that can be ex- parameters grow. Characteristically the hard-
pected in developing hardware and documentation ware performance growth curve reaches a level
(6:23). where very little growth is realized even with

extreme investments. The marginal return on
the investment is very low. This portion of

FIGURE 2 the curve is usually reached in the Full Scale
Engineering Development Phase. Also, during
this phase the technical documentation and the

Systema 100% -training aids must be developed and demonstrat-
Effetiveessed. The management approach to getting the
Effetiveessgreatest life cycle cost benefit should be to
80D- invest the money in the portion of the program

(Hardware) to provide the greateet1 marginal pay of f, i.e.,
the greatest incremental return for the incre-

Level of 60 -- mental investment. If improved training aids
or technical documentation provide a greater

Desired expected LCC savingo with a $IN investment than
4o the same $IN investtment in hardware reliability

Performance or maintainability improvement, then the in-
vestment should go into training aids and docu-

20 -mentation.

Using a Life Cycle Cost model accessible by
computer, this writer used the results of some

Hardware of the earlier studies to determine expected
Investment savings. The model was exercised using a hypo-

*1K' thetical but realistic electronic system under
development. All inputs were held constant ex-

cept those treated as variables for this exami-ii nation. Base case was:
a. Numbei- of job skills (base : 4)
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FIGURE 3

ANALYSIS OF SYSTEM COST PARAMETERS AS
AFFECTED BY MAINTENANCE TRAINING VARIATIONS t

USING THE GENERALIZED EQUIPMENT MAINTENANCE MODEL

L 1 ALTL2 ALT 3 ALT LI5 AL

Job Skills 4 4 - 2 4 4 14

Probability Removing
False Part 30% 30% 30% 10% 10% 1t)% 10%

Training Time Factor 1.0 1 1 .5 .5 .5 .5

Retrain Cycle 2.5 year 2.5 2.5 5 5 5 5

MT R Factor 1.0 90% 90% 90% 90% 80% 70%

Cost of Selected Outputs (000)

R&D 1,000 1,000 1,000 1,000 1,000 1,000 1,000

Test Equipment 79. 71. 71. 71. 71. 63. 55.

Manpower [27,OO14  24,205 4,762 4,7672 2'4,235 21,604 18,90

Training 15,144 6,785 4,702 2,351 3,393 3,029 2,650

Resulting Total LCC 08,13 59,010 37,484 135 ,1331 55,617 52,645 !4-.,558'

Operational Availability .9757 .9740 .9740 .9749 .9740 .9749 .9759
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b. Probability of false maintenanoe diag- With all other parameters held steady, the MTTR
nostic (4:33) (30%) was varied from 90% to 80%to 70% resulting in:

c. Training time/cost (20 wks/$20K for Job a. Reductions in test equipment cost by
Skill 1, $30K for Job Skill 2) 11.27% and 12.7% respectively

d. Retraining cycle (2-1/2 yr) b. Reductions in manpower costs by 10.7%
and 12.5% respectively

e. Mean time to repair (MTTR) (varied with
task) (used a factor of 1.0) c. Reductions of training costs by 10.7%

and 10.5% respectively
The study results used were:

d. Reductions of Life Cycle Cost by 5.34%
a. Reduce MTTR 10% and 5.8% respectively

b. Cut job skill requirements 50% In addition to the cost savings available by
improving training and technical documentation,

c. Reduce training time by 50% other benefits can be postulated:

d. Reduce false maintenance actions (parts - Job enrichiment,hence higher expected re-
replacements) enlistment rate (7:21)

e. Examine a 5 year period between - Fewer errors in the contractor produced
training documentation

The model was exercised after changing each - More utilization of wen now in supervisory
variable. The results are summarized in Figure positions (presently 71% of inexperienced
3. It is recognized that this exercise has labor observes and assists) (2:48)
been limited to a single model, however, the
manpower and Life Cycle Coet reductions are so - Fewer personnel moves as average stay on
significant the results demand we can no longer station for first termer is longer
afford to ignore the personnel subsystem.

- Technicians leaving service should be
The results indicate that a 10% reduction in better trained for production in civilian
mean time to repair (MTTR): economy (2:47)

a. Reduced the test equipment cost by 10% - Improve reliability and operational readi-

ness time
b. Reduced the manpower cost by 10%

- Reduce unsoheduled maintenance manpower
c. Reduced the training costs by 50%

Althoitgn a cost savings can be shown, the
d. Reduced the Total Life Cycle Costs by new techniques will certainly meet with opposi-

15.9% tion. One objeotion to acquiring documents

with the new concepts has been that they cost
A 50% reduction in the number of job skills more than conventional documentation and that
further: project managers faced with competing require-

ments resist their adoption. If the cost sav-
a. Reduced manpower costs an additional 80% ings potential is even a small fraction of what

is claimed by proponents, the initial cost
b. Reduced training costs an additional 30% should not be an overriding factor. A budget

quotation submitted to AFLC in 1971 for comple-
c. Reduced the Total Life Cycle Costs an tion of flight line JPAs for the C-141 was

additional 36.5% $1,300,000 with troubleshooting aids and
$800,000 without. McDonnell-Douglas reportedly

A lowering of the false part removal from 30% estimated that JPAs for the F-15 would cost $45
to 10% and reducing training time by 50% fur- million versus $35 milliOn for conventional
ther: documentation (2:50).

a. Reduced training coats an additional 50% Most estimates indicate the cost at 100% to
125% of conventional documentation. In at

b. Reduced Life Cydle Costs an additional least one case, cost estimates were less than
6.3% the estimates for conventional manuals (2:50).
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If new documents or JPAs were widely adopted, RECOMMENDATIONS
the production costs would probably come down

due to the contractor learning and production
techniques. Current JPA estimates from con- (1) That DoD direct each service to examine
tractors accustomed to producing conventional the possible life cycle cost savings, to each
manuals are probably inflated because of un- system undergoing Research and Development, as
certainty. The Industrial bAse for this kind a result or using the documentation and train-
of product would expand although fortunately ing concepts developed by referenced studi-o'
there are currently at least a half dozen con- and to implement tnose showing sufficient cost
tractors who have demonstrated capability in savings.
tnis area.

(2) Realizing that documentation, training
,Ids, and devices must be developed as compo-

CONCLUSIONS nents of ea.h system, this writer recommends:

(a) Invest the Research 4nd Development
The user i? .'w program manager's customer. dollars in the areas where the expcotea mardin-
The whole purpove of system development or al return is greatest. This requires acknowl-

acquisition is to satisfy the user's need. edging that the invescment may legitimately oe
applied to improving a subsystem other, than the

The service users have emphasized the need for hardware.
technical and training documentation written
at a lower reading level. The many studies (b) That each new requirement documeot be
conducted over the past two decades provide a examined for, satisfaction of its requirement by
means of satisfying this need and at the same the tollowing priority methods:
time, reduce the manpower burden while improv-
ing the overall systems effectiveness. - New ,Job Performance Aids on exist-

ing equipment
A major problem is expected in implementing
these study results. The Institutional proce- - Product lI.jprovement to existing
dures don't change quickly. As long as Project/ equipment
Program Managers emphasize Unit Production Cost
at the expense of Life Cycle Cost the 'hardware - New System development
fascination' will continue. The effect of the
personnel subsystem mujt be considered as the (c) That DoD schools dealing with systems
imperfect subsystem It is. Btjata.j design acquisition take a more responsible role in
naramer should be modified upward according- teaching the development and contracting for
ly to allow for the degradation due to mper- improvement of high cost subsystems (other than
fect personnel and yet ,eet the oeerational re- hardware) such as personnel and logistl sup-
quirements as stated In the requirements docu- port. Also that the DoD schools be charged
ment. with assessing recommended methods to obtain

Lire Cycle Cost Savings and ditLribute promis-
Life Cycle Costs are being emphasized in DoD ing methods to PM offlecd in each service.
5000.28 and other feD instructions, however,
most implementers nave difficulty getting a
handle on the operations and support costs. REFERENCES
The use of models such as the one used to sup-
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DESIGNING FOR LOGISTICS
i AN INCENTIVE AWARD FEE APPROACH

| Captain Ray E. Fellows
i Captain Paul W. Gross, Jr.

Air Force Business Research Management Center

INTRODUCTION control of system costs (acquisition, Opera-
ting, and support) to these goals is achicve 3 '
by practical tradeoffs between operational

Tne conJceptualization, design, development, capabxlity, performance, cost, and schedule."
production, and deployment of a major weapon To establt:ah adequate DTC goals and to develop
system constitute the five phases of the major management criteria for making program deci-
systems acquisition cycle. This cycle is ini- sions, it became apparent that not only were
tLated with Lthe approval of a mission need and developmnent and production costs Important but
is onp)lete when the weapon system has been there was a need in Defense acquisition to
phased out of the operational inventory. Over manage the operational anil su:pport (O&S,* Costs
the paqt 59!vel. I years the Defense Department of a weapon system. This requixd ininagernent
has show~n concern for the increased total life to introduce O&S cost factors into t:,- +-,stqn
cycle costs (LCC) of major weapon systems. In analysis. Since the design of major weapons;
an attempt to lower there costs, the acquisition systems is generally accomplished by contrite-
cycle lias been subject to inany new innovations. tors, it became necessary to develop methods
One of the most significant changes has been that would per-nit the O&S cost factors to be
that of increased emphasis of logistics support stated in measurable numbers and ter..is appro-
concerns during the early stages of the acqui- priate t or contracts. Such factorb as vli!.-
sition cycle. This has been accomplished by ability, maintainability, producibility, a:H!
attempting to introduce logistics support cri- human factors (man/machine interface) needed
tar-a! in the design phase of the acquis;*-ion to'be specified in measurable terms and pl-c

cyl.The complexities of this phase of the in the early acquisition contracts as rnan-
acquisition cycle, the lack of experienced ageable goals. Also, with management's destire
iogi,tict-ans it. the design discipline, the to emphasize LCC, these parameters had to he
inability to correlatec design decisions to constructed in terms of dollars. Anothler rea-
logistics s",:pport requirements, and the lack of son for stating these design support goals ..1
available and acceptable techniques for into- dollar terms was that other program parameteqr
grating logistics as a criteria for system such as performance and schedule inpacts were
Proqram Office (SPO) decision making are all often stated in terms of program dollars. !n
important factors that have contributed to the or-der to establish design systcrt operational dr.1
difficulty of this task. This paper discusses support cost goals, there was a need to ,.Lite
the issues surroundina these factors, describer reliability, maintainability and p~roducihiltty
an approach that was used in a major Air Force factors, In terms of design stande-rds. Qvan -
weak)ons system acquisition, and survarizes some tillable standards of these factors for
or the current Issues that need to be addressed existxnq designs are difficult to ,dentify nnd
to turther improve the use of logistics support relate to new ,;ystetn desiqns. Part reliahilit>
criteria during the design petase of a -mjor and maintainability data from the operati,,,ial
system acqu isit'on environment has proven. to b , difficult at Ibest

to use for establishing goal-, duri*ng new ,de-gr
ef forts . The use of enqineerinq an'alysis and

BACKGROUND similarity to other systems have boen oed to
establish there design guidelines in a frw
recent procure.-est s.

LCC another dimension-, -these criteria, logis-- T.wo contractual mechianisms, for emp*hasizing
tics support, has rece v ed much more emphasis. the reduction of O&S costs are now being
Numerous weapons systems and subsystems have selectively uised. These include the Reliabi ,ity
recently used an average unit flyaway cost tar- Improvennt Warranty (mI) and the, iog~st:, ,
get during the development and production phase Support Coat Commitment (LSCC). 17he L!rC¢ in
of the program an a contract technique to control also referred to As the Support Cost Guarantee.
program costs. The concept of deoign-to-couL The 1,SCC techniques involve estahlishl-it -ir-,tt
(r)X) W40 introduced to increase the visibility :,,listics Support C-o-ts (TLSC) in tern:, -4 a
or riqt ,rois ..ont goeala, DTC is define-1 in I).,- cont mo*del that predicts logist.-. ec-s-., ! ,,]
parrment of Db~anIe (IM Directive 5000.28(t)) on l o,lomitcs frcis. Thcee 'TLF4* mu..l I-.
&a *a rrnagement concept wherein riqorous coot menaluri'le And t. table i te,,d' ir-e ld
qoa)ts nrn established dluring dovelopment ind the test environment where Measn i. j " T 1 ,
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Support Costs (MLSC) can be produced. To LOGISTICS SUPPORT
incentivise this mechanism, a contract price CONSIDERATIONS IN DESI(N
adjustment based on the comparison of the TLSC
and the MLSC durin4 the verification test must Logistics support as it relates to a system
be provided. (weapon system) can b4 described as the test

and support equipment, consumables spares and
The RIW is a contractual agreement under which repair parts, personnel and training, trans-
the contractor is required to assume responsi- portation and handling, facilities, and tech-
bility for all repair of an item over a given nical data necessary to successfully operate the
period of time at a prenegotiated fixed price. system. In many cases the system, which con-
RIW also provides for increased profits if sists of both the prime mission equipment and
increased equipment reliability is demonstrated, the associated logistics support, is designed
Engineering changes are encouraged to reduce as the prime mission equipment alone without
future operation and support costs. An addi- due concern for the associated logistics sup-
tional incentive to design in higher reliabil- port. Cost-effective systems cannot be
ity is provided when the RIW is part of the developed without effectively including logis-
development/production contract. tics support considerations throughout the

entire system acquisition cycle. Particularly
during the initial stages of design and devel-

The RIW and LSCC are being used in several opment, logistics support, performance, and
major system acquisitions. Management is input resources must be considered each time
employing these techniques with a great deal of the total system design is assessed. An
cautlon since their usefulness has not been iterative process is needed since the design of
completely evaluated. Some of the concerns of the prime equipment influences logistics sup-
the Air Force with the use of RIW are: fund- port requirements and the logistics support
ing, equipment performance, measurement, will impact the total system effectiveness and
engineering changes, and transition to organic cost. The objective should be to provide the
support. The LSCC technique is more complex proper amount of support at the proper time.
than the RIW to implement and administer. Its It is important to recognize that too much
dependence on a cost model framework that must support can bc as detrimental as too little,
be tailored to the specific system design but proper planning and integration of the
characteristics assumes a degree of stability logistics concerns into the total acquisition
in the design once the technique is initiated, cycle will optimize the system's total per-
The requirement for a field test verification formance.
may cause delays in obtaining useful results.
These and other issues must be evaluated before In order to integrate logistics support as one
this technique's usefulness will be completely of the prime program criteria along with cost,
appreciated. RIW is limited in application to schedule, and performance, logistics functions
a small, select group of equipment whereas the must be established for each program phase.
LSCC technique can, if proper tailoring is These functions must then be implemented in the
accomplished, be applied to total system acqui- total system acquisition by identifying spe-
sitions. To increase the role of logistics cific logistics support requirements and tech-
support as a major program criteria early in niques tailored to the maturity of the system
the acquisition cycle, the above techniques design. Tailoring is very important because
need further verification, improvement, and the lack of it will eliminate the usefulness of
additional techniques need to be developed, any technique and cause management to lose
To accomplish this several areas must be given credibility of the process. Decision making
careful consideration. These include: greater will be ineffective.
understanding of logistics support and its
relation to design analysis; increased integra- Emphasis is placed on the design phase of acqui-
ticn of design and logistics engineering sition in this discussion. The logistics func-
activities; increased use, evaluation, and tions generally most appropriate to this phase
improvement of such techniques as RIW and LSCCI of acquisition include: design coordination
increased integration of logistics concerns in and logistics support services, predictions,
the program management office, and improved utilization of design aids, logistics support
feedback of operational data on specific analysis, logistics provisioning data, design
designs. The remaining portion of this review, and component test and evaluation. he
paper will discuss each of these areas as they logistics support requirements that must be
relate to a recent major system acquisition considered include the logistics support design

experience, analysis and the identification of initial
logistics resource requirements.

The design attributes; functional design, reli-
ability, maintainability, human factors, and
producibility correspond to the following logic-
tics support elements: maintenance planning,
test and support equipment, spare/repair parts,
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personnel training, and technical data, respec- in-process design analysis, provide field
tively. Facilities and transportation/handling experience feedback to design engineers, coor-
are logistics support elements that must be dinate on design package release, perform
considered, but they relate somewhat indirectly tradeoff analysis, and create checklists and
to the above design attributes of the prime tracking systems for managing discrepancies.
equ ipme nt.

These ideas should be considered by weapon
The design attributes and logistics support system acquisition managers as they evaluate
elements must be of primary concern to the the producer's capability to integrate
system acquisition manager who's objective is logistics support into their design activity
to acquire an effective system. The system and use it as a program criteria. The fol-
effectiveness is a function of the performance lowing section of this paper describes a con-
parameters, availability (operational readi- tractual technique, the logistics incentive
ness) and dependability. Dependability is the award fee approach, used in a major systemeffectiveness factor that relates directly to acquisition in the Air Force. The purpose ofitthe design phase of the acquisition cycle, this >.g'etics incentive award fee was to
Sine,! dependability is a function of operating encourage the producer to incoiporate logistics
time (reliability) and downtime (maintains- concerns into his desic.n activities.
bility/rupportab lity) these two parameters,
reliability and maintainability provide the
necessary linkage between design activities LOGISTICS EMPHASIS BY
and logistics support requirements. They PROGRAM MANAGFMENT
represent the measurable parameters that the

logistics support design analysis employs as
the system design engineer works to meet total Program managers who perform the essential
system effectiveness requirements during the day-to-day functions as the total system acqui-

desxgn/development process. sition managers must create an environment that
encourages and promotes the incorporation of

The logistics support analysis during the logistics support into the day-to-day decision
design phase of major weapons systems should making process. The following discussion
aid in the evaluation of specific characteris- describes how this was done in a major Air
tics in the equipment design which can be Force weapon system acquisition, the A-X/A-10
measured in terms of reliability and maintain- Program.
ability features. Alternatives in design such
as test approaches, packaging schemes, access- During the early stages of the acquisition

ibility features, transportation, and handling program of the A-X/A-10 aircraft the require-
provisions should be subject to the analysis. ments to control both acquisition and opera-

tions/maintenance costs were established.

The logistics support design analysis must be Design-to-cost goals were developed to control
accomplished by the design engineering team in the acquisition costs, but the attempt to lower
direct response to the customer's reqiirements. future operations and maintenance costs during
This obviously will require that the design design required the development of an untque
engLneering team and the customer be knowl- management technique.
edgeable about tistabliahing guidelines for the
logistics support analysis. It also will The technique developed involved the adaptation
require that the engineering team be made up and application of an operation and support
o both design engcneerr. and logistIcs engi- (06S) cost model with a contractor incentive
neers who can incorporate the reliability and award fee. The 055 cost model used was a modi-

2 maintainability (R&M) disciplines into the tied version of a cost model developed by
design process. &SM crnnot be limited to the Air Force Logistics Comand. A detailed
role of verification of design; they must be description of the model is contained in
used as design criteria. These two disciplines references 3 and S. The contractor incentive

are intricately related t initial des.gn award fee was devised to encourage the con-
analysis and design conc tualization. The tractor to make design changes that would lowerI myriads of detail decissions and tradeoffs made future O&S costa durtng the full-scale develop-
during design must include R&M concerns. An ment phase of the program. The award fee was
interrelated analysis that includes R&M and partially based on an evaluation of the resultsJ other design analysis techniques must be estab- of the O&S cost model at the completion of a
lished. This requires technically strong field flight test period. This relationsh:p
individuals who are R&M motivated and can con- of the award fee to the cost model was estab-

£[ vert R&M principles into the product design. "I hed to provide the incentive for !'oth con-
Familiarity with past equip.ent field problems tractor and Government personnel to 0,tab19i',I also is desirable. These individuals should an effective proces, to ran..!. art! rpbtlrze -he
perform such tasks an educating the design logistics support aspects of hit. .-. ins iqn
engineer prior to anti during design, analyze effort.
heo planned nyatem mision prfiles, porform

I A
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The logistics support cost control technique Vie technique described below and used by
used dirirg the A-10 acquisition program was the A-10 Program included some very important
implemented over a seven-year period. It characteristics. It was initiated early in
began in May 1970 during the Competitive Proto- the acquisition cycle. Competition between
type Program (CPP), continued through full- contractors was still available in the program
scale .evelopment (SD), and ended in tho pro- when the ten-year OS ,:oet eat tmaten were
g-*sm !,r.odu.-tion phase with tile .twarjt r*. oon.hlilthot. Tqirqvt loulotin eilljr- ,it-t
made in August 197?. During the CPP phase tle wore satabltahsed Aitd e tend An I tai~k
contractors were told that the estimated ten- cost framework. A fteld verification test
year operation and support costs of their procedure was utilized. The technique was on
design would be a major factor in the selection contract and it employed a contract remedy/
of the full-scale development (FSC) program price adjustment. It was incentivised by the
cont:actor. When the request for proposal for award fee. The technique used available Air
the FSD program was issued it included the Force data sources and it was simple, manage-
requirement that each contractor provide their able, and understandable.
ten-year O&S cost estimates in a comparative
cost model framework. This logistics support The technique was used in several decision
design information was used in the source selec- making situations. During the FSD source selec-tion for the FSD contractor. tion the O&S cost estimates were evaluated and

used as one of the selection criteria. The
The FSO contractor was required to provide engineering change proposals (ECP) submitted by
target logistics effect (TLE) estimates for his the contractor were evaluated and monitored
FSD design early in the FSD phase of the pro- by applying the O&S cost model. The final
gram. The TLE's were developed employing the measured logistics effects were used by the
cost model framework and were the result of Fee Evaluation Board in addition to other man-
estimated reliability and maintainability agement considerations to make the final award
design characteristics of selected major system fee determination. It is important to note that
line replaceable units. These TLEts were used the continuous application and implementation
as goals for the system design effort in terma of this technique emphasized the concern for
of logistics support. The engineering changes logistics support costs to program managers and
submitted by the contractor were evaluated in decision makers throughout the design phase of
relation to the targets. Thia provided a the program.
method for the logistics engineers and program
office managers to conduct a day-to-day evalua- The actual impact of this effort on the field
tion of the system design in terms of logistics operations of the h-10 is difficult to quantify.
support. The first production aircraft iare The A-10 squadrons are experiencing a lower
flown to measure the logistics effects of the than anticipated HORS rate, and the OR rate has
A-10 aircraft. A test program was established been higher than similar systems during initial
and line replaceable unit removal data was field deployment. Logistics support involves
accumulated during the first 5,000 hours of such a wide range of functions that to assess
operational flying. This removal data was then the effectiveness of this effort only on an
used to develop measured logistics effects operational basis would be insufficient and
(MLE). These NLE were compared to the TLE misleading. The effort to emphasize logistics
(adjusted for certain program changes) for concern during the early stages of system acqul-
determining the contractor's logistics design sition will enhance the accomplishment of the
performance and to assist in making the award entire logistics support activity.
fee determination.

This entire application is summarized in Figure
1.

A-10 ACQUISITION CYCLE LOGISTICS SUPPORT MAAsmva TEHOIQUE

COMPETITIVE PROTOTYPE FULL SCALE DEVELOPMENT PRODUCTION

M4AY 70 JAN 73 JU3L74

- CPP, APP CALLS FOR O&S COST - TLE FROM FSD CONTRACTOR - FINAF, TLR ADJUSTMENTS

- MODEL TO BIDDERS - ECP TO LOWER Os COSTS - BEGIN 5,000 HOUR LOGIS-

TICS EFFECTS MEASURE-

MET PERIOD

- IMPROVEMENTS TO MODEL - PRELIMINARY CCST MODEL - END LOGISTICS MEASURE-

APPLICATIONS MENT PERIOD

- SD, RPP FINAL MODEL - AWARD Fn

- 10 YEARS OSs COST %STIMATE
RECEIVED FROM CONTRACTORS
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CONTINUED LOGISTICS SUPPORT expertise to incorporate logistics factors

EMPHASIS IN SYSTEM ACQUISITION into the system engineering design process t
great. These individuals must have a workinq
knowledge of the engineering design process

The management initiatives in the A-10 Program and have a detailed understanding of what

represent a positive step toward incorporating logistics parameters (reliability, maintain-
logistics support concerns in the early stages ability, and prodtweibility) can be used to
of major system acquisitions. Similar efforts evaluate the dosign by the design engineer.
are being initiated on other Air Force procure-

maeats. These activities represent continuing -- Development of contractual provisions.

strong suplprt and the increased concern for The development of contractual procedures
ioqistics support as a major system effective- and terms that express the logistics criteria
ness factor by acquisition managers. in clear, understandable terms for efficient

contract administratton is required. 'lo areas
This continued integration of logistics support of concern exist that must be considered.
requirements as a program management decision :rc*, the general availability of models
criteria can he a major factor in increasing the relating desiqn parameters to operating an.
quality of weapons systems. The following support costs with the reuired accuracy must

recomendation are made to identify actions be developed. Second, proceurpi which will
that will continue to increase the effective- accurately measure the support requ!ements

ness of system acquisiton subject to logistics demonstrated by production equipment in the
support tequiresents. field aust be developed and validated. To do

this, the final important area of concern
-- Increased program management awareness of must b6 addressed.

logistics support requirements. This may seem
to indicate a weakness in program managers, but -- Improvement of operational systems
that is not the thrust of this recommendation, history. The need for feedback from the opera-

Th. responsibility for making logistics sup- tional environment that will be properly under-
port visible and manageable in the proor. stood by the design engineer is extremely
office belongs to the logistics engineer and important in the effort to get greater reli-

the deputy program manager for logistics. The ability designed tnto systems. The identifx-

logistics experts must develop their techniques cation of the kind of information needed and
to give the system program manager the facts determination of how it should be used must b-

he needs to make tradeoff decisions among other accomplished with more effectiveness.
program constraints (cost, schedule, perfor-
mance) and logistics support.

IF SUMM ARY

-- Develop effective and credible manage-
ment techniques. This will entail such things
as continued development of logistics cost Acquisition management review levels must pro-

models, better assessment techniques for deter- vide the incentive for improving the system
mining new systemi impact on present capabili- acquisition process. They cn do this by

ties and improved cost tracking systems. emphasizing that the total system must be ±den-

tifled (prime mission equipment and associated
-- Provldc adequate incentives. The logistics support) and that it will be evaluated z

accomplisiment of an analysis of a design in by the review levels of the acquisition cycle.
terms of the logistics support requirements The program managers and their staffs must

requires the application of resources. If it develop a complete system management framework
is to be properly accomplished, funds and per- for their day-to-day decision making. This

connel must be made available. These resources framework will depend to a great deal on tie
should be explicitely identified by both usefulness and credibility of the staff
parties in the procurement, The program mn- specialists who develop and implement the
agement documents shou specificalI identify trade-off study techniques used in decision

these dedicated rescu s. making. To increase the uso of logistics a; a

criteria in Gyscum acquisition, the logistles
-- Obtain greater c)ntractor participation. enqinmers and logi~itlc managers must continue

To get proper emphasis from the contractor of to participate in the early phases of the sys-

logistics support during design is a very impor- tom acquisition process. To do thiz. they will
tant and difficult task. Clear guidance to the be required to provide the effective management
contractor should be provided. Methods for techniques to justify their contentions.
verification of the actual design review in
terms of logistics concerns should be estab-
lishsd and agreed upon by the contractor and
Government engineets.

-- Development of logistics design exper-

tise. The need for Individuals with the
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GRADUATE EDUCATION IN ACQUISITIONS

AND ASSISTANCE MANAGEMENT:
THE NEED, THE EXPERIENCE, THE CHALLENGE

Stanley N. Sherman, D.B.A.
Associate Professor of Business Administration

The George Washington University

BACKGROUND GWU has offered its P&C program as a field of

concentration for students pursuing either of
two masters degrees, both offered by GWU's

An ever increasing group of practitioters and School of Government and Business Administra-

educators has, for several years, advocated tion. The two degrees are the Master of Busi-

that regionally accredited institutions should ness Administration (MBA) and the Master of

offer graduate degree programs with concentra- Science in Administratien (MSA). To date,

Lions in procurement and contracting or mate- these two degrees have been distinguished in

rials management. As the number of supporters that the MBA requires the student to accom-

has expanded so too has new terminology more plish the full common body of knowledge as

descriptive of the needed program content, prescribed by the American Assembly of Col-

The new terminology includes, variously, ac- legiate Schools of Business whereas the MSA

quisitions management or acquisitions and as- has not required the full common body.l/ Ad-

sistance management. There are indications ditionally, at GWU the MBA has been offered
that such a degree would be valuable not only as an "on-campus" degree whereas che NSA has

to the holder and to the acquisitions corn- generally been available "off-canpuS" within
munity but to our evolving social system. the Washington, D.C. area. A philosophical

During the last 10 years, a substantial group distinction c4ists in that the MBA is con-
of masters degree holders with concentrations ceived as a generalist degree that prepares

In Procurement and Contracting has been intro- the student for broadly based business mana-

duced into the acquisitions management field gerial performance and roles in executive de-

by existing programs. It would seem that the cision-making. The MSA is designed to pro-

views and experiences of that group can con- vide the student with the expertise essential

tribute much to our undarstanding of the need to the conception, and effective management

for such concentrations. and control of large-scale organizational

activities.
Interest in the development of model graduate
degree programs has been accentuated by the The P&C program was initiated at GWU with sub-

Federal Acquisition Institute's (PAI) initia- stantial support in the form of student inputs
Lives as published In the FAI Director's re- from the armed services. It shortly gained

port each month since its inception in Octo- additional support by the input of civilians

ber, 1977. As part of the process of formu- drown from the Federal procurement workforce,

lating such programs, a review of the succes- particularly from the Navy. These early com-

ses and problems experienced by existing de- mitments of students--many of them supported

igree grantiNg institutions that have offered on a full-time basis--were essential to the

sim~lar programs would be useful. viability of the new program. During the fir.,,L

three years of the program ncarly all P&C stu-
One of the first such programs, the Procure- dents were government employees. With the de-

ment and Contracting (P&C) program at The velopment of the program, the source of stu-

GeOrge Was:nington University (GWU) was begun dents has changed. Increasing numbers of stu-

in the Fall, 1968, and continues today. While dents employed by industrial firms in the

this paper looks briefly at the GWU program, Washington, D.C. area bave elected the P6C pro-

Its major thrust in to examine the idea of gram as they pursued their master's degree

creAuing graduate degree programs in acquils!- work on a part-time basis. Also a number of

tions and assistance management. It addresses civilian agency personnel are enrolling for

the :atter from these perspecr
4
.es: (1) the part-time study. In the last ", years a

need for such programs, (2) the curriculum/ _ _

institutional onvironment best suited to such
programs, (3) the generally low tnte.est in 1/ Author's note: In 1977 the GWU BBA program

such programs expressed by accredited institu- was accredited by the AACSB and at present the

tions to date, anJ (4) a proposition as to School is undergoing an intensive self-examine-

what attrlbutes would interest universities tion of its masters degree offerings in prepa-

and schools i adopting such programs. In ration for their accreditation review. As a

part, the paper is baged on a survey conducted result some modification of the master's pro-
in March, 1978 of graduatc3 of the GWU pro- grams is likely.
curement and contracting program. A brief de-

scription of the GWU program will perhaps aid

teaders not faniliar with it.
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small but significant num' rr of students who do Existing management literature has not ade-
not have previous career oriented job exposure quately addressed the kinds of relationships

have been opting for the P&C concentration as or the dynamics Implied by such organization-

they complete their undergraduate work and be- al interfaces. The initiation and develop-
gin pursuir of the master's degree. ment of a new literature is essential. It

must address the concepts of inLerorganiza-
Overall the P&C program has graduated 251 per- tional management. In its traditional form

sons--an average of 25 per year. it currently these concepts are addressed as contractual
has 36 MBA students and 88 MSA students en- relationships in which one organization pro-
rolled, for a total of 124 graduate degree can- cures the services and material offered by
didates. Aadtional students are enrolled in another. More recently a.less defined, but
ptogram courses on a non-degree basis. well known instrument has increasingly been

employed--the grant. Currently grants have
..:,ome known as cooperative and assistance

THE NEED agreements. These kinds of instruments are
merely legal expressions of business rela-
tionships. The actual ongoing managerial

Attempting to express what constitutes the challenge is a dynamic, and frequently ill-
need for graduate education in acquisitions defined, interpersonal and interorgainza.-
and assistance management leads to debatable ,ional combination. The development of man-
assertio.is. An extrardinarily complex field agers with such interorganizatlotial capabil-
of stady is involved. This complexity results ities should include challenge by an educa-
from the fact that several recognized and es- tional experience that allows them to balance
tablished academl' disciplines are drawn upon public, private and personal objectives. They
in order to effectively manage such programs. should be challenged to seek, to mediate, and
The field Involves largely public sponsorship to achieve fulfillment on each front in a
and private performance (but with frequent manner that simultaneously meets the common
partial reversal of thcae roles) of work ef-- set of objectives.
forts at the leading edge of scientific and/or
technological experience involving either the The author proposes that a need exists for
physical or social sciences or both. academic attention focused on developing pro-

grams in acquisitions and assistance manage-
Acquisitions processes embrace a broad spec- meat. Today's predominant educational mode--
trum of management activities critical to a short courses conducted in non-accredited
central core subject: i.e., the decision to settings sponsored by employers to meet spe-
acquire either goods or services. This fun- cific organizational needs is inadequate.
damental decision is the focal point of an
unmeasured degree of organizational effort. While the need for degree programs can be as-
The magnitude of the effort could range trom sessed in numerous ways the survey of grads-
near total organizational mobilization to the ates of GWU'a P&C program may prove useful
unobservable placement of automated purchase in revealing the perceptions of a group that
ordera. Acquiaitlons and assistance manage- is qualified by both experience and educa-
ment. however, is principilly involved in the tion to make a knowledgeable appraisal of
creation and management of relationships be- the field.
tween organizationul entities to be joined in
pursuit of significant ccition objectives.
These corenon objectives are developed througl THE SURVEY
the articulation of a need, its operational
definition and identification of reqtisite re-
sources. The relationships to be established The P&C survey was conducted by use of a
involve role definit~v if organizations, questionnaire mailed in March, 1978 to the
costing, risk and res: risibility allocations, entire group of P&C graduates based upon
and execution that assures objective ful- latest known a"dresses. (See Appendix 1)
fillment. Fifty-five undelivered questionnaires wele

returned and 79 completed and usable ques-
The educational product needed lor this work tionnalres had been received by April b,
is a manager with new breadth and a new per- 1978. The data included in thIL., study are
spective. This type of manager must be capable based upon that response. The response rate,
of accomplishing his or her objectives even based upon an assumption that 196 question-
thougth oporAt Ing withlut dirert authority to naires were dnlivered was 40 peicent. The
vontrol either rirfrin,r or sponnor. rho mai- remultant sample It wall distributed over the
eskeor nut nohisid l I t fit lie inanngonr'r sb I - 11pou,1t fo of i'" gtradulte .0 a ki I Indicatld
l Iy luti ,i luli, ,leul ,111 llt IV -- psolh wlih Inl y Tthle I.

,c1,uIitorgonl Liiit to l e lvoti- ito nt ii
- ~ ~ fe 01 todplea with a tilo,i~lat seot or ,..,,i lvtt.
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A further insight into the sample is provided tuntion may be attributed in part at least to1,Ny 1able 11. This table oeta forth th geoter- support of rcrtin content of most humllnt1s
al illi t'u I o; or t h o 1,II'IIIle by emp' oy I- ,, At . Th . 'OII ' II hnllteottd 1hV
F1,411I' dII. Job group. homod ~ti v ii it iIt ja;- the. I issi '11555 Ito 111100 Io%% 114 t ho 11%lool lot%
pent:' thot two-thirde of the VC graduatus arv tit I n. Qtustloil I ouktid rspondento to rotlL§1 working within the acquisitions field but the need for atudents to be exposad to the
several (one-fifth) of them have progressed or full business common body of knowledge and it
moved into jobs with broader managerial re- referred the respondent to a list of subjects
sponsibillties. representative of the business co=,on body.

The response to this question provided the
The survey sought to discover the perceptions most strongly affirmative response of the
of P&C degree holders regarding the institu- entire questionnaire. It is recorded in
tional environment and program content of Table V.
greatest value for personnel in the acquisi-

* tions field. An assumption incident to the As shown by Table V, 73 percent of the sample
survey is that the respondents would be more answered question 3 with the highest per-
knowledgeable of the field and of the educa- ceived need (1). Also 78 percent of MBA re-
tional needs of its practitioners than any spondents rated it with (1), and for the whole
other easily defined population. All of tihem sample 89 percent rated it in the top two
have studied and nearly all have practiced in categories. Clearly this group of degree
the field. The results are set forth In holders perceives he business common body of
Table III. knowledge to be an important element of the

knowledge needed by Pile persnnel.
With respect to whether a public administra-
tion school or a business administration
school is the better institutional setting INSTITUTIONAL CONSIDERATIONS
for P&C programs, Table III provides some
insight. It is a tabulation of whether
question I or question 2 received the higher Regionally accredited institutions have been
(strongly affirmative) rating from each re- slow to embrace degree programs In acquisi-
spondent. Quite clearly, the respondents tions management at either the bachelor's or
were supportive of either (1) the business master's level. Understanding their reasons
school environment or, (2) both business and for slowness is critic4l, and several aspects
public administration. Only a small group, of the educational process need to be consi-
11 percent, favored the public administration dered in this context. One of these is the
school over business administration. However, reality that degree-oriented programs are not
the high number of "equally affirmative" generally adopted solely because some spon-
ratings would indicate there should be a soring institution--such as the Federal Goy-
place in both types of schools for the ac- ernment--expresses a desire for a particular
quisitioiis management field. The breakout of program. They are more likely to be adopted
MSA and MBA degree holders in Table III is in response to student pressuren derived from
useful since, while MBA holders might be ex- opportunities for employment. Opportunities
pected to prefer the business school environ- for employment are also critical. Ideally,
ment, MSA degree holders are not necessarily to justilly installation of a' degree program,
oriented toward "business" although they are the oppottunities should be widely distributed
trained in the administrative and management across the economy's institutional framework.
sciences. Degree programs have limited appeal if, for

example, they prepare a student exclusively
Whereas Table III is limited to indicating for an occupation sponsored by a single in-which institutional setting is, relative to stitutional sector. Occupational mobility
the other, felt to be needed more, the re- is too highly valued a capability among our
sponse to questions I and 2 is summarized increasingly professionalized workforce for
directly in Table IV. This summary indicates narrowly conceived management programs to be
the strength of perceived need for P&C-pro- sustained in degree-granting institutions.
grams in Business and Public Administration
schools. In the tield of acquisitions management (or

procurement and contracting, purchasing,Respondents were strongly &ffirmative in their materials management, or logistics management
view that procurement and contracting programs as various programs may be characterized),
should be available in public and business ad- there is no need for limited institutional
ministration schools. The two strongest appeal. All levels of Government, diverse
ratings (I and 2 on a scale of 5) if combined public and non-profit organizations, industry

,for public administration schools, received and construction plus all other major employ-
53 percent of respondent ratingc while the ment sectors have need for creative talent
two strongest ratings for business adminis- that knows and understands acquisitions pro-
tration schools received 85 percent. The ap- ceases and complexities. Thus it would appear
parent stronger advocacy of business adminis- that the design of acquisitions management
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programs should embrace the demands and needs (2) A belief that the proposed academic pro-
perceived by a broad group of management peo- gram has multi-sector appeal in our economy;
ple.

(3) A philosophical basis and position for the
C L Scurriculum that addrasses all of its elements;

. CONCLUSIONS

- (4) Availability of basic textual and case
material;

Educational institutions have an opportunity
created by the current effort of FAI. They (5) Academically creditable literary oppor-
may come forward with innovative educational tunities.
concepts. The Federal interest in this field
provides a strong motivational basis. How- While parts of this education*,l package exist
ever, the educational package to which ac- for acquisitions management, ft has not been
credited institutions may respond may require broadly articulated to date.
several ingredients beyond an expressed need
and even beyond -esources in dollars. The
elements of Lhat package include:

(1) A belief that continued student partici-
pation and interest will be present;

TABLE I

DEGREE &DATE OF DEGREE OF RESPONDENTS To
PROCUREMENT AND CONTRACTING QUESTIONNAIRE

Date oRf Degree MSA MBA TOTAL

1969 3 3
1970 9 9
1971 1 5 6
1972 2 6 8
1973 3 7 10
1974 2 7 9A 1975 3 3 6
1976 5 4 9
1977 4 5 9
1978 9 1 10

TOTAL: 29 50 79

TABLE II

EMPLOYER GROUP & JOB GROUP DISTRIBUTION
OF RESPONDENTS TO PROCUREMENT AND

CONTRACTING QUESTIONNAIRE

Job Group

General Haterials/Procurement Other
Employer Group Total Management a Supply Management Specialization

U.S. Govt.-Defeuse Agencies 46 10 35 1
_US. Govt.-Civil Agencies 122

Private Business Firms 11 3 6 2
Non-Profit Organizations 7 2 1 0
Public Agencies (not Federal) ) 0 0 1

17 50 6
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TABLE III

PUBLIC ADMINISTRATION/BUSINESS ADMINISTRATION
INSTITUTIONAL SETTING FOR PROCUREMENT

AND CONTRACTING DEGREE PROGRAMS

MSA Degree Holders MBA Degree Holders Total

BA setting preferred 10 27 37
PA setting preferred 4 4 8
Equally affirmative 12 17 29
TOTAL 26 48 74

TABLE IV

S7RENGTH or PERCEIVED NEED FOR PROCUREMENT
AND CONTRACTING PROGRAMS IN BUSINESS
AND PUBLIC ADMINISTRATION SCHOOLS

__Strongly

Affirmative No

Rating 1 2 3 4 5 Total
Public Administration 23 16 2 8 3 14
Business Administration 41 21 8 1 2 73

TABLE V

PERCEIVED NEED FOR PROCUREMENT AND CONTRAcrING STUDENTS
TO BE EXPOSED TO THE FULL BUSINESS

ADMINISTRATION COMMON BODY OF KNOWLEDGE

Degree Respondent Strongly
Holds Affirmative No

1 2 3 4 5 Total
NBA 36 8 0 1 1
MSA 19 4 4 1 1 29 j
TOTAL 55 12 4 2 2 75.

4
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APPENDIX I

The questionnaire included several questions.
The section pertinent to this study was:

Having completed a degree with a procurement
and contracting major, your evaluation of
the following questions would be most valu-
able and would aid us in our planning for the
future.

Based on your experience, indicate how
strongly you see a need for:

Strongly
1. P&C programs in a public administration Affirmative No

school. 1 2 3 4 5

2. P&C programs in a business administration
school. 1 2 3 4 5

3. Exposure of P&C sti-lents to the full
business administration common body of 1 2 3 4 5
knowledge (subjects as identified on

page 2).
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A CRITICAL REVIEW OF DEPARTMENT OF DEFENSE
CIVILIAN PROCUREMENT CAREER DEVELOPMENT PROGRAMS

Richard T. Cheslow and Thomas M. O'Hern, Jr.

Logistics Management Institute

NOTE: This paper is a condensation of a report applies to civilian procurement employees in
prepared in August, 1977. Since that time, or- DoD components at the GS-5 and above levels in
ganizational, definitional and scope changes the GS1O1/1102/1103/1150 series. For other
have occurred in the acquisition/contracting/ positions and series, the career development
procurement field. These changes have not been program applies if: (1) more than 50 percent
implemented into the career program, and, con- of the duties and responsibilities involve pre-
sequently, no attempt has been made to incor- award and post-award contracting and purchas-
porate such changes into this paper. However, ing functions, and (2) the experience qualifi-
the findings and recommendations remain valid cations for entry into one of the four series
for the current career program and are appli- are met.
cable to a program covering either the acqui-
sition or contracting career fields. Although Positions in the GS1105 (Purchasing) and rS1106
the research was performed in the procurement (Procurement Clerical and Assistance) series
career program, many of the conclusions and are excluded from the current program unless
recommendations are applicable to other career the above conditions are met. However, thefields. major or descriptive differences between

GS1105/1106 and GS1101/1102/1150 positions Is

tha: the former emphasize manual skills and the
INTRODUCTION latter place greater emphasis on mental and

interpersonal skills. We, therefore, suggest
that the relationship between the career pro-

During FY 1977, the Logistics Management gram for GS1102 and the training program for
Institute (U121) reviewed and evaluated the DoD GS1105/1106 should be made closer for two rea-
civilian procurement career program, focusing sons. Firat, since the GS1105/1106 personnel
on certain elements to determine where prob- are performing the detailed procurement tasks,
lems existed and to recommend actions for im- the procurement training program should include
provement. them to ensure effective job performance. Sec-

ond, more attention to GS1105/1106 personnel
The study methodology included a review of would improve implementation of upwardmobility
career development and management literature, programs within the DoD, as recommended in a
DoD directives and instructions, and Civil recent GAO report. (8] Another personnel re-
Service Commission (CSC) regulations. To sup- cruitment problem is that none of the current
plement the written information, we visited DoD intern programs cover all entrants. This
selected offices and organizations and attended is contrary to the CSC requirement that:
meetings of the Defense Procurement Management
Board (DPCMB), its Subcommittee on the Auto- Each program is to include all employees
mated Career Management System (ACIS), and the in the agency entering an identified
ACHS Test Team. career field at any level below the recog-

nized journeyman without re~ar4 to their

source of recruitment. (Emphasis added)
FINDINGS AND RECOMMENDATIONS [5)

Recommended Actions
The study concentrated on eight program ele-
ments: personnel recruitment, mandatory train- (1) Include training for GS1105 and 1106 in
ing requirements, equivalency tests, career ap- the overall civilian procurement train-
praisal procedures, personnel inventory and ing program.
referral systems, personnel mobility, executive
development, and organization for career (2) Comply with the CSC regulations-which
development, require training of all entrants.

A. PERSONNEL RECRUITMENT B. MANDATORY TRAINING REQUIREMENTS

No significant problems were found in the re- The CSC does not impose specific types of man-
cruitment of new personnel into the procurement datory training upon a career function. It
career field. In the preparation of new em- only requires that first-line supervisors be
ployees for a procurement career, however, some given suitable initial training and that en-
deficiencies exist. The current program trants be given proper orientation. [3] [4]
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Within the DoD,1 [171 careerists must 'omplete C. EQUIVALENCY TESTS
"mandatory" courses or approved equivlent
courses or pass the equivalency tests. How-
ever, tnis requirement is not being ri&)rously Currently, procurement employees are not re-
enforced. quired to take mandatory training if they

(1) have successfully completed an equivalent
In 1970, the GAO reviewed the DoD procureaent course, or (2) have passed the Procurement
career program and discovered that many career- Knowledge Test (equivalency test) for the
ists were not completing "mandatory" trainiig. co:rse.
17) Little Improvement was noted during a
follow-up survey In 1975[91 when GAO found There is a serious problem in the lack of com-
that, of 13,882 employees in the career work ,uunication between civilian personnel offices
force, 2,776 had completed their mandatory administering the equivalency tests, *.he
training, 6,855 were exempt under the "grand- schools preparing the tests, and the functional
father" clause, and 360 were under waiver due manegcrs. One consequence of this information
to being less than one year in grade at their deficiency Ih th'it It Is unclear at the moni-
current position. Thus, 3,880 employees were toring levels whether the most current tests
found to lack the "mandatory" training re- are being given. Because the equivalency tests
qoired at the previous level. are the final examinations of the rmindatory

courses, and hence, vary in emphasis as changes
The condition baa not improved. During 1977, occur in the functional field, such lack of
only 31% of the career personnel needing a communication can hinder the upgrading of the
particuiar course completed it. [10] However, orocurement career force by not properly test-
since the qualification standards, as set ng on current subject matter. Furthermore,
forth by the CSC 16], do not include specific this lack or feedback makes it difficult for
educational or training requirements, the DoD taxe schools to assess the quality (and needs)
cannot impose such requirements unilaterally. o, courses.
An agency can only recomend that certain
education or training would be helpful in Re ently, the Army accepted responsibility for
carrying out the duties and responsibilities supervising procurement equivalency tests and
of a specific job. is uorrecting this deficiency. Therefore, no

further recommendation is needed.
k The DoD will soon have an effective means of

determining specific job training needs --
the ACMS appraisals. These appraisals, con- D. CAREER APPRAISAL PROCEDURFS
sisting of a set of technical and standard fec- AND PERSONNEL INVENTORY AND
tors for each series, are conducted for per- REFERRAL
sons intended Lo be at the GS-13 level and
above and are used for referral purposes. By
analyzing the individual needs shown by the The II)D Civilian Procurement Career hanual de-
appraisal forus, epe1:ific training require- fineE career appraisal as
mentfs ,-a b formulated. ACNS contains regis-
trarios ol all program employees beJow GS-12 th.it process of inventorying and evalu-
and! the C e(: [cquires that an annual evatuation at" ng the attributes and potential capa-
of each civil service employee be made. There- bi tiles of each employee. It includes
fore, It appeard appropriate for DoD to add an an:.lysIs of career training needs for
appraisal requirement for all ACMS trgistrants. or, erly progression within the career
Such an addition I- not intended to alter the fi.,Id and the planning for fulfillment of
present practice of filling positions below th.'se needs. 1171
CS-13 at the discretion of installation mana-
gers. Rather, the appraisals would be used The inual also stresses that career appraisal
for training purposes onl" shoull be an ongoing, day-to-day responsibil-

ity i f the supervisor. Annual formal career X
Recoiended Actions t appr. ibals are alc required.

(1) Confine mandatory training to those DoD as maintained the Centralized Afitomated
levels' authorized by CSC regulations. Inve ttory and Referral System (CAIRS), which

was intended to contain a current resume for
(2) Ure ACMS appralssls to pinpoint the sac. employee In the procurement career pro-

subjects end skills an Individual needs grer . The purpose of the referral system was
in order to perform his job satIsfac- ro Trovide managemotst with a listing of tl
torily and to prepare him for greater best qualified canridates for procutement
responsibility. pos. tion vacanciecs at tae GS-iS le I i nd

aboe while ensuring that all eliill,.. cadi-
(3) Analyze current procurement courses to dates are considered for Job openings and en- 1 4

d.termine how effectively they meet the couraging movement across geographical and
ne,,T,% indicatod by the ACHS aipraleals. departmentil boindaries.
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CAIRS has not been successful in achieving its of the grade or salary.121 In applying this
purposes due to the inadequacy of its single- latter standard for identifying executives,
number appraisal process. Too many referrals there are many GS-13s, 14a. and 15sa in field
for an opening results when this inadequacy is installations who satisfy it.
coupled with CAIRS' empnasis on experience and

Its inability to Identify individuals not in- Each agency is required to have a formal high-
terested in a job change. potential identification system and the CSC

permits each agency to make its own decisions
ACMS Is to replace CAIRS and is presently being regarding the identification process best
tested. Its most significant feature is a new suited to its managerial manpower needs.
appraisal system which provides for evaluation

job-related factors, In a study[181 concerning civilian executive

thereby permitting a more accurate review of development programs in the DoD, it was found
an individual's strengths and weaknesses, that DoD management perceived the following

inadequacies in the programs: (1) absence of
Recommended Action a well-defined system for early identification

of potential executive talent; (2) unsatitfac-
Continue to monitor the implementation of ACHS tory means for tracking thu piogres-, of high-
and evaluate its effectiveness for one year potential executive candidates; and (3) devel-
after on-line operation starts. opment of civilians tends to be unsystematic

and unreliable. None of the DoD components
had a fully operative executive development

E. PERSONNEL MOBILITY program in compliance with CSC regulations,
although host have policy implementation guide-
lines and regulations.

Mobility includes occupational, organizationa!,
program, functionl, or geographic change. The Recommended Actions
CSC recognizes that mobility can be an impor-
tant factor in a person's career and the ili- (1) Redefine "executive" so as to avoid am-
tary Services encourage mobility and often make biguity and to enhance uniformity in
it a requirement for entry into certain pro- the use of executive development programs.
grams.

(2) Apply the recommendations in Section B
The CA SI Annual Report for 1977 revealed that, above to determine the training needs

of 271 selections made during that year, 14% of executive personnel.
of the selectees crossed •component lines, 12%
changed major organizations within the coupon- (3) Utilize the ACMS appraisal system to

enc, 4% changed classification series, and 21% identify potential executives and track
moved to another geographical area. Evidence their progress more efficiently.
of executive mobility in the DoD was also pre-
sented in a study[19] covering Federal execu-
tives. The portion of the study dealing with G. ORGANIZATION FOR CAREER DEVELOPIENT
62 supergrades found that 91.9% had experienced

"organizational mobility," 77.4% had private
sector experience, and 46.8% were "geographic- A number of DoD directives and instructions
ally mobile." These data show that civilian provide the basis for career development pro-
Federal executives are mobile and mobility need grams. [111 [12] [14] (15|
not be a concern in civilian procurement career
development. Two additional instructions are relevant in

the procurenent career field. boD Directive
5010.16 [131 establishes the Defense Manage-

F. EXECUTIVE DEVELOPMENT ment Education and Training (DHET) Board whose

responsibilities include developing policy
guidance and plans for management training and

Problems exist in reviewing executive develop- for reviewing and approving education and
ment programs because of the many different training programs. DoDI 5100.58 [16] estab-

definitions of "executives." In its policy lishes the Defense Procurement Career Manage-
guidance, the CSC used the term "executive" to ment Board which assists the DoD functional
mean G5-16, 17, 18, or equivalent.11] In de- head in carrying out his responsibilities for
veloping its guidelines, however, the CSC the operation of the career program. The
tended to use characteristics descriptive of a DPCMB is a part-time board which meets approx-
"general" manager. This has led to the inclu- imately once a month.
sion of individuals in supervisory positions at
lesser grades who had relatively broad opera- A 1970 GAO report[7] stated that an ineffec- ""

tional responsibilities. Another CSC issuance tive working relationship existed between
states that the term "managerial position" these two boards, having a negative impact
refers to the duties of a position, regardless on the procurement career program. The coreer
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program was not likely to succeed in the ab- obsolete concepts and procedures in current

sence of a single focal point with full re- operations is high. In addition, DoD's career
sponsibility for effectiveness, development program must be supportive of the

Federal Government's commitment to the upward
The problem which GAO identified still exists, mobility program and true equality of oppor-
A major contributor to the management problem tunity. Affirmative m~nagement action toward

appears to be the ambiguity that cha:-acterizes meeting these goals necessarily Involves a
caieer program directives. Similar ambiguities system concept of career development. This
concerning the proper roles of the civilian concept involves a reformation of the goals,
personnel and procurement functions also exist definitions, and structure of the entire pro-

at the DoD component levels. gram with emphasis on individuals' career plans
and DoD's organizational requirements. The

Our findings indicate that greater precision essence of the system should be "mandatory"
in the assignment of organizational responsi- cnreer developent rather than "mandatory"

bilities might resolve this problem. This can training.
be don- by revising the basic career program
directives to .reate responsibilities similar For the proposed system to be effective, a

to the followtng: control/evaluation mechanism is nee-ed. The
new ACMS should be used for this purpose.

Responsibility of ACMS, as currently defined, includes evalu-
Manpower & Training Office ation of the employee's needs for further

training in specific job functions. It also

- Recruitment provides for identification and planning for

- Entry program administration employee and agency future needs. Expanded

- Course scheduleing use of the ACYS system can result in specific
- Inventory & referral systems identification of training needs, better plan-

- Personnel scheduling for training ning for training resources, m6re effective
- Personnel appraisal development use of existing resources, and more effective

- Administration of training resources control of resources.

Responsibility of
the Functional Office REFERENCFS

- Course content
- Job training requirements [1) Civil Service Commission. Federal Person-
- Conduct personnel appraisals nel Letter, No. 412-1 (October 8, 1971).
- Maintain liaison with MRA&L
- Evaluate effectiveness (2] Civil Service Commission. Federal Person-

eel Letter, No. 412-2 (January 19, 1974).
The rationale for such a division of responsi-
bilities ia that manpower and training offices (31 Civil Service Commission. Federal Person-
possess the expertise ne.:essary to develop and nel Manual, Chapter 335-17.
administer the career programs, while the func-
tional offices poasess the expertise necessary (4] Civil Service Commission. Federal Person-

to determine the requirement for training and, nel Manual, Chapter 361-3.
therefore, the content of each program. 151 Civil Service Commission. rederal Person-

Recoreaended Action nel Manual, Chapter 412-A-I. '
The OSD should clarify and simplify the milti- [61 Civil Service Commission. lHndbook X-118:

ple directives regarding ereer programs. Qualification Standards for Positions
Under the General Schedule, January 1975.

SUMMARY (71 Comptroller General or the United States,
"Action Required to Improve Department of

Defense Career Program for Procurement
This paper notes a number of deficiencies in Personnel," B-164682, 13 August 1970.
the present DoD civilian procurement career
development program: low utilization of train- (81 Comptroller General of the United States,
lng cournes, non-compliance with CSC regula- "Upward Mobility Programs in the Federal
tiuns, and diffused organizational responui- Government Should be Made More Effective,"

bilitles. FPCD-75-84. 29 Apri! 1c;-

In so dynamic and highly regulated a field as (91 Letter to the Secretary of IDefune from
governmental acquisition, the case for a struc- R. W. Gutman, Director of the Procurement
cured carear development system Is very stroog. and Systems Acquisitions Division of the
without ,'ormal training. the risk of retaining GAO, dated October 10, 197!.
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lian Personnel in the Department of
Defense," 16 January 1970.

[12) Defense, Department of. Directive 1430.4,
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"SHOULD COS-Wiiy AR WE NOT rrt~ITIZING THIS CONCEPT TO A "REATM.R vT1~nT?

II.P. iloehI., Air Force institute of Technology

INTRODUCTION alter his operations. The government does not

seek, in the "'Should Cost" method', data h';
which the contractor will be told how to con-

ie.st f-ur decades the single largest buy- duct his business. Nor does it assume that
ing agency in the United States (perhaps the contractors should he able to forsee all the
World) hia!, 1,een the Department of Defense(DOD) . intangibles and unknowns confronting him durihn'
110teecp~o fteps fwyas O the life of a contract. it simply attempts to
!ias traditionally received the major share of eliminate the perpetutation Of naoSt lnefficln-
t',L federal !iudget and if current dorld corndi- ies and uneconomical management practice,,1"
,Ik'ns follow their present course a greater ' ontractors. A Spin-off to this should resul:
Share of the hudget mutst again be allocated to in a -a.. "om'petitive contractor in the futur,

The first "Should Cost" study va', conductr-d by
e,,a1rtrztcn* of Dc' ense arencles do expend the Navy at the direction of the '.,imer See-,
'1l1 ions annually for items which do not con- tory of Defense, Robert S. lMc\'arar-i i 109:7.
Lrthute to increasing our living standard. The location was the Pratt & .Iitnev Aircraft
flecause8 Of their ambivalent nature these ex- Company's engine plant in Rast Hlartfora rT.

pnltrsnaturally cone under close scrutiny There was great concern for the company's h it
and even. become a "whipping boy" for certain proposed contract price for the TP-36) Jet en-

soesof Congress, pacifists, and unilateral gine destined to power the F'-111 aircraft..
disarrament advocates. The fact that the DOD The outcome of the studyv reduced the cati-mitedbuidget Is annually spent on contracts with contract price by C190( millions. The Armtthousands of private firms and educational Services Ptorurerent Regulations (ASPR0, Nr-'
insti'tutions employing %everal million Peo'ple ~ Air Force, and Navy direct ive" -ell out t".'
I^, ,ene~ally overI(1"1,,-,. Furthermore, that "Should Cost" conrept.
our national security is based upon our mili-

- tary --rength is apparent!'. of lesser
Importance to those with more immediate person- OBJFCTIVES CONTAINED IN THE P7,.-Z":RTA1TO
!!l motives. On the otherhand, these groups, RESI.ARCF
unknowingly. may be the conscience of our -
society and are providing the catalyst we re-
q1uire to strive ever harder to obtain the Accepting the premise that the "Should Cost"
necerrary defense, at the least possible cost, concept could answer the earlier question,

hii a goal we have not achieved according "Why do major weaons systems contracts exper-
to repeatedl cost overruns in many DOD con- ience frequent cost overruns?", the primary;
tract . 'Zitli reference to such cost overruns, objective for the study was to leteraline the
the fro, -ent unanswered question is--WH1Y? educational requirements to prepare future

"Should Cost" team members to function effec-
In an effort to answer this question, the au- tively in their specific tasks.
thor re-searched several areas and found the
"Should Cost' concept a most logical answer Considering the recency of "Should Cost", the
-1d solution to the problem and developed this following specific objectives guided the con-
nto a 1975 Doctora!- Dissertation. duct of the study: 1. To identify the key

elements of "Should Cost." 2. To Identify any
Many people are unfamiliar with the term association as well as any significant differ-
"Should Coat." Unfortunately, there is no ences in the responses to questions In each of
universally accepted definition. It is pri- the key element areas provided by per--nn-; who
Marily an approach to r pricing of '"High- served as team l.eaders compared 'with the re-
Cost" hardware, bought roin private industry. sponses to the same questions by tenr 1:orkern.
operating in a non-competitive environment, 3. To identify any association in the
and which assures that a contractor's propos- resonsen to-ward "Shou~ld Cost-, In p'eneral,
als do not include the cost effect of past between the two groups--leaders vs Vnr'ore.
inefficiencies or uneconomical management prac- 4. To identify any association in the
tices. Furthermore, It attempts to supply the responses tovard "Should Cost", In veneral,
scope and detail necessary to determine whar herv"n those who participate4! in -ur', effort
weapons system, or major component thereof prior to Tan'jarvi, 1971 as opposed to those
ought to cost, assuming reasonably attainable p ripatn Ince hnuarv, 1971.S.T
economy and efficiency in the contractor's Idrntify. i:r" s2-ncstlo. - ;~ponsc- t,--
operations, and st.ll permitting a contractor ward "Shtould Cost" , In Rencra 1 .- r
a reasonable profit, If he operates priently. Force, Army, Navy, DCAS, and 11CAA per-;( ;r. i a'.
It doe-, not develop a 'rock-bottom" fIguro Independent demographic groups. 6. To Iden-
which wgould require a contractor to dra'tlcnally tIfv the effect of formil traini". 1-i prerarinit
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team members for their tasks, as compared with however, serve as a guide in such effort.
those who had received no formal training
prior to serving as a team member. 7. To iden-
tify the educational needs for future team RESEARCH METHODOLOGY
members as perceived by former team Leaders as
opposed to former team Workers.

The research was the first attempt within DOD
to study the attitudes toward "Should Cost" by

ASSUMPTIONS APPLIED IN THE RESEARCH former team members. The methodolcgy was pri-
marily two-fold; Inductive and statistical.

For the former, the author sought to draw gen-
Public demand for more domestic programs will eral conclusions from an examination ofA
inc-ease, resulting in pressure to cut or, as literature, official documents, personal inter-
a minimum, not permit defense spending to views, and an evaluation of responses to a
grow, This implies more careful scrutiny of survey questionnaire sent to fifty percent of

defense contractors, the identifiable former "Should Cost" team mem-

bers randomly selected from zhe total
Inflationary trends and increasingly complex population.
technoijgy assures continued high cost for de-
fensive weapons. One specific result of the first method was the

firm evidence that four key element areas were
Either, or both, of the above will tend to ex- identified with the "Should Cost" concept.
pand the application of "Should Cost", to (These were utilized in the statistical portion
include lesser procurement actions currently of the research). They are: Planning; On-Site
excluded. Data Collection and Evaluation; Report Wr.:tng;

and Negotiations. Responses to questions L-
World tensions, especially in the Middle-East, these key elements constituted a major factor
will remain high causing continuing demand for in the research.
our military hardware.

The statistical portion of the research at-
"Should Cost" could become a two-edged sword, tempted to detect either an association or
Where it ir now directed sclely toward improv- significant differences in the responses to
ing contractor efficiency, it might readily be questions in one general category area and
broadened to encompass improving government four key element areas by former "Should Cost"

responsibility as a party to the contract; team Leaders compared to responses to the same
e.g., correctly written specifications, accu- questions by former "Should Cost" team Workers.
rate drawings, timely delivery of serviceable
government furnished items, and realistic de- Thirteen hypothesis were developed and tested
livery schedules. to measure the perceptions of former "Should

Cost" team members. The Spearman rank cor-
That a single elite DOD agency might be relation coefficient (r) was applied to
created, staffed with carefully selected measure the association in responses to the
qualified persons, and assign the responsibil- same questions answered by the two specific
ity for all "Should Cost" analyses to this grqups--Leaders and Workers. The chi-square
agency rather than permitting each service to (X) test was utilized to measure any signifi-
perform independent studies, cant difference in responses to the same

questions by the two groups. Both tests were
concerned with responses to questions relating

LIHITATIONS to the four key elements. The researcher was

willing to accept a five percent probability
of a Type I error rejecting the null hypothe-

Two distinct limitations were applied to the sis when it is true, thereby setting a
research effort: 1. The names of former significance level of .05.
"Should Cost" team members, furnished by their
respective agencies, must be accepted as the

total population. (Persons who had transfer- POPULATION AND SAMPLE
red, or retired with no immediately available
forwarding address, and those deceased were
excluded.) The extensive effort by persons In order to assure that responses to the ques-

within those Services in screening personnel tionnaire did, in fact, represent the total
records, with the full knowledge that the re- population, a random sampling technique was
search effort was officially approved, would utilized to select fifty percent of the former
indicate that the list of names developed does "Should Cost" team members identified by the
represent the total population. 2. The re- Army, Air Force, Navy, Defense Contract Admin-
search was not intended to develop any specif- istration Service (DCAS) and the Defense
Ic curriculum or course of study for future Contract Audit Agency (DCAA). The latter two,4"Should Cost" team members. The findings may, although not procuring agencies, did have
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me.bers serving on "Should Cost" teams. itself. might lead to all kinds of coniecture.

A total of 378 names and addresses were ob-
cained in the following proportion: The Army FINl':SS
Material Command (now DARCOH), 196 people; Air
Force Systems Command, 96; Navy Material Com-
mand, 8; DCAS, .33; and DCAA, 45. The small Perhaps the most relevant feature of the find-
1em.er of Navy people was attributed to the ings was the extremely high percentage of

'ew such studies conducted by the tav after completed questionnaires returned to the rc-
they initiated this concept in 1967. Most of searcher (92 percent). The population includ-
the Navy's former tear. members had either re- ed both team Leaders and team Uorkers. The
tired or were not readily traceable. The Leaders were either Team Chiefs, Peputy Team
names were arranged alphabetically within Chiefs, Operations Officers, or Sub-Team Lead-
their respective agencies and numbered con- era. -he Workers comprised all other t,a
secutively. A validated list of random numbers member.. More importantly, every Service. A-
wi applied to select the sample to be surveyed gency, and Sub-Agetuwy involved in "Should kosr"
plus a ten percent alternate group. Each studies are represented in the research.
selectee Wa:: as. gned a Schedule Control Num-

ber and suffix letter for identification, "he researcher anticipated six posslHe curves
since names or other coding might have invali- which might be drawn to show the opinions ex-
dated the research. The relationship of each pressed in the survey questionnaire b two I;
name to the Control !umber and suffix letter indenendent groups (team Leaders) and (team
wac %nown only to the researcher. Workers) In a cor-ton area. Their responses

were tabul.ted on a range from a low -core of
Responses to the questionnaire was ninety-two "I" to a high score of "5". Based upon
pcrcent. Of 190 questionnaires, 160 were earlier interviews and a pre-test queston-
titlized. This represented 84.2 percent of naire, the researcher anticipated the responses
the sampled population. This reduction was would ultimately evolve into a hi-modal curvc
nlecessary because fifteen completed question- with the team Leaders scoring on the higher
naires arrived after the cut-off date and side and team Vorl-er responqes generally scor-
could not be included in the study. Ing on the lower half of the scale. For

further clarification, the lower ratings on the
A Honeywell 635 computer was extensively em- scale would indicate dissatisfaction with
ployed during this study. A special computer "Should Cost" experience and vice versa.
program was developed to record and store re-
sponses. Each response on the questionnaire Iad a curve been constructed to reflect the
was coded and transcribed onto a scan sheet actual responses to the questionnaire by the
which the computer read and stored. Relation- two groups (Leaders vs Vorkers), the resulting
ship studies are infinite. Only a fraction curve would have been skewed well to the right,
of the available infinmtion was utilized in or high side of the scale. This would reflect
this study. that both groups had a positive attitude to-

ward "Should Cost". It would also support the
researcher's earlier thesis that the "Should

LITERATURE R;SEARCH Cost" concept has merit and an educatioral
program for future tea= members is worthy of
consideration.

Three computer interrogations were conducted 2
in search of literature on the topic "Should The most significant finding during the anclv-
Cost." The Educational Resources Information sis was the consisteny with which the null
Center (ERIC) and the Current Index of Journal hypothesis were rejected. Testing the associ-
Entries (ClJE) both proved regative. The De- ation In responses to questions between the
fense Documentation Cent"- Cameron Station, former team Leaders and Vorkers, in the four
Virginia, did provide a lef listing of artl- kev element areas, only one element was found
ces in Procurement relatd periodicals. (Report riting) where the computed (r.) fall-
These proved peripheral, at best. The scar- ed to reject the null hypothesis. A probable
city of published material is believed a reason for the failure to reject the null
reflection of the recency of this concept. hypothesis in this element Is the contro-

versial aspect of "Report 11riting." The Air
Force does not write a report as It generally

PURSONAL, INTERVIEWS understood in the "Should Cost" concept. In-
stead it prepares a Price Negotiation

Hemorandum rPbN). 7hc nt!itiddr exrresed by
Twenty-seven people were privately interviewed, team members from the other ser',|e,- .'-d
Six Air Force; twelve Army; two Navy; four agencies was that the Air Force's 1";n -1Id rot
DCAS; two DCAA; and two from the General Ac- satisfy the requirement of "Report Writln.."
countinR Office (GAO). Only two of this More Importantly, they did not see the Air

number were willing to be quoted which, by Force effort as being a "Should Cost' study
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because the Air Forre does not use the full impending "Should Cost" study at time of in-
team approach. itial solicitation. There appears littl

justification for wtthholding such information
Another tnanticipated inding was the Navy's until after the contractor rubmits his pro-
reluctance to utilize this concept, even nosal. 8. Contractors should be appraised of
though they gave it birth in 196). As a con- the benefits "Should Cost" studies may provide
sequence rh' General Accounting Office has their company. That they would become more
i en highly critical toward the Navy. No competitive in the future is manifest. Q. In-

clear r,4ason for the Navy's position was Cs- clude General Accourting Office personnel on
tablis'ed by the research. On the contrary, "Shctld Cost" teams. This would provide the
the Army has been applyin the "Should Cost" team with GAO expertise in a timely manner and
studies regularly and with excellent results minimize a costly duplication of effort: eachi
in reducing contract costs, procuring agency engages in follow- ,p studies

as does the GAO. 10. Consideration should beIn addition to the circle" responses on the given to establishing joint Government-Indus-
questionnaire requited for the statistical try "Should Cost" teams. Since a major
measurements, comrnts were also solicited, portion of DOD procurement costs are incurreO
One hundred thirty-three were provided, in sub-contracting by a prime contractor,
These comments were recorded and ranked ac- Joint studies warrant attention. It. pply
cording to their frequency. Examples were: sore form of "Should Cost" toward procuring
"Supervisors will not reiease their best people agency activities to insure the government
to serve on "Should Cost" team.." "Contrectors provides accurate drawings, clear specifics-
resist these studies"; "Lack of understanding tions, realistic delivery schedules, and
the purpose and objectives of these studies"; servicable government furnished components at
"Not enourh time to plan adequately"; and the proper time and in required quantities.
"Communication is vital." These comments
added a dimension which reinforced the sta-
tintical findings; the belief t'at "Should
Cost" studies are highly beneficial. However,
the method of organizing the teams, their
preparation for the effort, the conduct of the
study, etc. all need further review and over-
haul

The single most consistently low rated
response was to the question, "Would you like
a permanent assignment as a "Should Cost" team
member?" The reason for this low ratiig, in
addition to the frequently appearing t.ments
cited above, were the lor3 absences from
families, the effort demanding twelve hour
days and six days per week without extra re-
muneration or compensatory time off, and no
expense money to return home occassionally
during the study.

CONCLUSIONS AND RECOM2ENDATIONS

Several general conclusions and recGmenda-
tions are based on this study: 1. The "Should
Cost" roncept is sound, however, it is lack-
ing in several aspects. 2. A formal training
program would help future team members.
3. The comments provided would provide a sound
basis for developing an educational program
for future team members. Progress through
such a pi.,gram as a "tem' would be most
beneficial. 4. Change the procedure for
selecting team members. Selection prerogative
must be above the immediate supervisory level.
5. Standardize "Should Cost" procedures for
all services. 6. Initiate such studies ear-
liar in the procurement cycle, preferrablv
during the research and development phase.
7. Contractors need to be informed of an
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A NEW LOOK AT PROFESSIONAL CERTIFICATION

Daniel Roman, George Washinqton University
Robert Springer, Jr., The American University

ABSTRACT hospital administration, information sciences,
insurance, banking, traffic and transportation,
contracting, procurement, material management,

Professional certification, as now offered by and management.
various private associations, may be a feasible
approach to increasing procurement professional- The following are some of the preliminary find-
ism in the public sector, according to a study ings of the study:
recently completed by the authors. This method
of encouraging professionalism has been very 1. Certification programs have been a
beneficial when employed in the private sector, strong ana effective force in increasing pro-
There are, however, a number of cautions which fessional awareness, pride and confidence in
must be observeA if such programs are to be nearly all organizations inve;ticated. Officials
offered by the public sector, as shown by the and members alike speak with enthusia '- of their
experience of private associatinns in developing certification programs.these uroqrams. "

2. Examinations are essential to effective
Approximately sixty private certification pro- certification programs. Of one group of thirty
grams offered by professional associations were programs investigated, only one permitted experi-
contacted, and In-depth studies condurted by ence to be used in lieu of examinations. If a
field interview with the managers of nine of certification program is to have "teeth" and bie
these programs. In every case the associations effective, this form of objective quality control
are enthusiastic about their programs and plan is essential.
to continue them. A number of individual, who
had been certified also were contacted and their 3. "Grandfathering," or waiving examinations
viems solicited. In general, the attitude of for practitioners with certain levels of uxperi-
those certified also was favorable, although ence, is a highly controversial issue, with
perhaps not to the degree found in the sponsoring good arguments both for and against this tech-
organizations. nique. The study found that while "grandfather-

ing" may be unavoidable in some cases, the less
Professional certification is not, of course, a grandfathering the better, and that, if possible,
new concept. Certification programs have been grandfathering should be eliminated completely.
deeply rooted in the structure of the traditional Grandfathering often dilutes the effectivcness
professions for at least one hundred years. They of programs and weakens quality control.
developed for a combination of reasons, including
the desire of the professions to raise their pro- 4. One of the major advantages of certifi-
fessional standards by establishing qualifications cation programs for all professions is that they
for entry, the encouragement and recognition of fcrce a disciplined examination and identifica-
skills development, and the enhancement of the tion of the body of knowledge of the profession.
prestiae of the professional or the profession Many professions have existed for years with only
in the eyes of the public. Also, in some cases, a loose, vague appreciation or understanding of
self-certification was initiated by professions their own concepts, techniques, theories, and
to eliminate abuses and preclude government in- practical applications. The requirement for
tervention and regulation. In other instances, certification examinations forces a profession
certification was developed for economic reasons, to state these things clearly and concisely.
primarily to reduce the danger of an oversupply
of skills which result i, *ncreased competition
and lower rewards.

Professional validation and some form of certifi-
cation are becoming increasingly important.
Many of the professions which have traditionally
had some form of certification are reviewing
their standards and processes for continuing pro-
fessional validation. Additionally, many pro-
fessions which previously had no established
standards or processes for professional recogni-
tion have seriously embarked upon certification
programs. To give some indication of the range,
certifi-ation programs have existed or been)
initiated in recent years in finance, accounting,
engineering, personnel and industrial relations,
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AN ANALYSIS OF THE CAS 41O TRANSITION METHOD

CAPTAIN GRADY L. JACOBS
HEADQUARTERS UNITED STATES AIR FORCE

INTRODUCTION This paper presents the results of research
conducted for the purpose of better under-

Cost Acounting Standard (CAS) 410, "Alloca- standing the overallocation of G&A expenses -A
tion of Business Unit General and Administra- under CAS 4lO and for evaluating various pol-
tive Expenses to Cost Objectives," (1) pro- icy options for dealing with problems engen-
vides criteria for the allocation of business dered by the overallocation. This paper does
unit general and administrative (G&A) expenses not attempt to treat a number of quite compli- A
to business unit final cost objectives based cated legal and accounting issues which are
on a beneficial or causal relationship. One also germane to establishing a DOD position on
of the fundamental requirements of the stand- the overallocation problem, except to the
ard is that the G&A expense pool of a business extent necessary to provide perspective and
unit shall be allocated to final cost objec- context for the research conducted. The prob-
tives of a cost accounting period by means of lem of attributing overallocated G&A expens-s
a cost input base (2) representing the total to different categories of contract.s is dis-
activity of the business unit. A business cussed, and an attribution model is developed.
unit whose disclosed or established cost Policy options for dealing with overallocated
accounting practice prior to 1 October 1976 G&A expenses are identified and discussed,
was to use a sales or cost of sales allocation along with a computer model which was devel-
base may elect to use a transition method con- oped for simulating these options for various
tained in Appendix A of the standard in lieu business units. The paper concludes with a
of an equitable adjustment under the CAS discussion of the policy option selected for
clause. According to the CAS Board (3), the implementation within DOD.
transition method was designed to avoid poten-
tial disputes, minimize the impact of shifting OVERALLOCATION
from a sales or cost of sales base to a cost
input base, and avoid the need to use the Figure 1 provides a summary of the CAS LlO
equitable adjustment provision of the CAS transition procedure which has two main fea-
clause to reprice prime contracts and subcon- tures - the simultaneous allocation of G&A
tracts. In general the transition method pro- expenses using different rates and baees, and
viJes that G&A expenses will continue to be a suspense account provision, which was
allocated to contracts with effective dates designed to prevent overreimbursement (5) of
prior to the applicability date of the stand- G&A expenses. The mechanics of the transition
ard (pre CAS l1O contracts) by using a sales accounting procedure are illustrated in figure
or cost of sales rate and base, until these 2, which utilizes data from the example con-
contracts are completed. At the same time, tained in CAS 4lO, appendix A. This figure
G&A expenses will be allocated to contracts shows how allocations are made over a three
with effective dates subsequent to the appli- year transition period.
cability date of the standard (post CAS 410
contracts) by using a cost input rate and In order to understand the overa.llocation, it
base. The simultaneous use of '.ifferent rates is first enlightening to perfori a simple
and bases for different clapaes of contracts graphic analysis. Figure 3a, based on example
continues until all pre CAS hl0 contracts are year 1978, illustrates how the allocation
completed. A consequential result of the bases overlsp, which results in an overalloca-
transition method is aggregate G&A expense tion, shown by the shaded area. The overallo-
allocations which exceed actual G&A expenses cation can be calculated from the graph as:incurred by the business unit (0),
________($1850 - $1700) x .125= $18.75

(1) 1. CFR hi0 Figure 3b, based on example year 1979, is a

more typical situation where there are differ-
(2) Total cost input, value added, or single ences in both the G&A .'stes and the allocation

element bases. Here the overallocat'on can be calcu-

cated from the graph as:
(3) CAS Eoard Prefatory Comments to CAS lO, 

4l Fed Reg 16,14! (1976)
(5) Tt is important to distinguish between'4) It is also possible to have an underallo- overallocation and overreimbursement.

cation of G&A expenses in a given account- Here overreimbursement relates to a situa-
ing period under certain circumstances. tioi. where a contractor would receive pay-
Over the entire transition period, how- merit for overallocated G&A expenses and
ever, there will be a net overallocation maintain this cash flow advantage into
of G&A expenses. perpetuity.
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FIGURE I

TRANSITION MEfHODOLOGY

* G&A FOR CAS COVERED CONTRACTS AWARDED PRIOR TO THE EFFECTIVE DATE

OF CAS 410 WILL CONTINUE BEING ALLOCATED ON A COST OF SALES BASE.

* G&A FOR CAS COVERED CONTRACTS AWARDED AFTER IHE EFFECTIVE DATE OF

CAS 410 WILL BE ALLOCATED ON A COST INPUT BASE.

AN INVENTORY SUSPENSE ACCOUNT EQUAL TO THE BEGINNING INVENTORY OF

CAS COVERED CONTRACTS ON THE EFFECTIVE DATE OF CAS 410 IS ESTAB-
LISHED.

IF THE ENDING INVENTORY OF CAS COVERED CONTRACTS AWARDED AFTER THE

EFFECTIVE DATE OF CAS 410 BECOMES LESS THAN THE AMOUNT IN THE

INVENTORY SUSPENSE ACCOUNT, THE GOVERNMENT RECEIVES A CREDIT IN

THE AMOUNT OF G&A ALLOCATED TO CAS COVERED CONTRACTS IN THAT YEAR

COMPUTED AS FOLLOWS:

THE DIFFERENCE BETWEEN THE INVENTORY SUSPENSE ACCOUNT AND THE
ENDING INJENTORY OF CAS COVERED CONTRACTS TIMES THE COST OF

SALES G&A RATE FOR THE FIRST YEAR OF TRANSITION.

THE INVENTORY SUSPENSE ACCOUNT IS THEN REDUCED BY THE AMOUNT OF

THE DIFFERENCE BETWEEN THE INVENTORY SUSPENSE ACCOUNT AND THE

ENDING INVENTORY OF CAS COVERED CONTRACTS.

FIGURE 2a

Contracto Prior to ian78 Contracts After 1Jan78

CAS Fixed CAS Fixed
Non-CAS Price CAS Cost Non-CAS Price CAS Cost

Year 1978 Work Work Contracts Work Work Contracts Total

Beginning Inventory $300 $200 0 0 0 0 $500

Coot Input 400 600 700 500 500 300 3000

Total $700 $e00 $700 $500 $500 $300 $3500

Coast of Sales 600 550 70 4s 400 300 3000

Ending inventory $100 $250 0 $50 $100 0 S500

O&A Rates

Coat of Soler $375/$3000 - 12.5% 
4

Cost Input $375/$3000 - 12.5%

G&A Allocation

Cost of Sales 75.00 68.75 87.50 56.25 50.00 37.50 375.00

Cost Input 50.00 75.00 87.50 62.5 62.5 375.00

Tra~ition 75.00 68.75 87.50 62.50 62.50 37.50 393.75

Over allocation of G&A due to transition method - $18.75
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FIGURE 2b

Contracts Prior to IJan78 Contracts After 1Jan78

CAB Fixed CAS Fixed
No-CAS Price CAS Cost Non-CAS Price CAB Cost

Year 1979 Work. Work Contracts Work Work Contract* Total

Beginning Inventory $100 $250 0 $ 50 $100 0 $500

Cost Input 400 6o__o 7_0 so o Soo 300__o 3000

Total $500 $850 $700 $550 $600 $300 $3500

Cost of Sales 450 650 700 150 250 300 2500

Ending Inventory $ 50 $200 0 $400 350 0 $1000

G&A Rates.

Cost of Sales $375/$2500 - 15%

Cost Input $375/53000 - 12.5%

G&A Allocation

Cost7.50 97.50 105.00 22.50 37.50 45.00 375.QO

Coat Input 50.00 75.00 87.50 1.62.5 0 37.50 375.00

Transition 67.50 97.50 105.00 62.50 62.50 37.50 432.50

Over allocation of GSA due to transition methcd - $57.50

FIGURE 2c

Contracts Prior to 1Jan78 Contracts After 1Jan78 -

CAS FJxed CAS Fixed
Non-CAS Price CAB Cost Non-CAB Price CAB Cost

Year 1980 ork 2r Contracts ork Work Contracts Total

Beginning Inventory $ 50 $200 0 $400 $350 0 $1000

Cost Input 400 600 700 500 500 300 3000

Total $450 $800 $700 $900 $850 $300 $4000

Cost of Sales 450 100 700 4o 550 300 3250

Ending Inventory $ 0 $ 0 $ 0 $450 $300 $ 0 $ 750

GA Rates

Cost of Sales $375/$3250 - 11.5%

Cost Input $375/$3000 * 12.5%

GSA Allocation

Cost of Sales 151.75 92.00 80.50 51.75 63.25 34.50 373.75"

Cost Input 50.00 75.00 8 162.50 62.50 37.50 1

Transition 51.75 92.00 80.50 62.50 62.50 37.50 386.75

Over allocation of GSA due to transition method - $11.75 X

*Due to roundoff in CIA rate
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FIGUE 3a

Sales Allocation - $1850 x .125
Input Allocation - (4300 - $1700) x .125

.15

s .125

.05

1700 * 1850

iboo 200 3000
Allocation Base $

FIGURE 3b

Smales Allocation - $1800 x .15
5 Inzt Allocation - ($3000 - W700) x .125

.125

.43

05 -

1700 30

Am)0 2500 30WA
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($1800 - $1700) x •125 =$12,5 As previously discussed, the overallocation

results from the interaction of inventory
p
lu

s $1800 x (.15 .125) = 45.0 changes and cost inputs between pre and post

CAS 41o categories of contracts. Since this
5 75 is the case, the overallocation can be con-

sidered as the summation of jointly interac-
This primative analysis does not establish a tive component parts, i.e., the interaction of
general relationship, however, since the allo- pre CAS 410 non-CAS covered contracts with
cation rate is itself a function of the allo- post CAS filO (.AS covered contracts, etc.
cation base; and inventory changes, which are Since there are three types of contracts with-
the basic difference between allocation of G&A in each category, there are 3 x 3 or nine
expenses on a sales or cost of sales basis and 4oint contributors to the total G&A overallo-
allocation of G&A expenses on a cost input cation. Marginal totals of this matrix for
basis, are not considered. In order t, estab- each type of contract can be interpreted as
lish a general relationship between cost conditional amounts which can be atrributed to
inputs, cost of sales and inventory changes either pre or post CAS 410 categories of con-
which wold better explain the G&A expense tracts if it is desirec to do so. The equa-
overallocation, it is necessary to derive a tions for this model are given in AppendlA B,
rather complicated formula. This derivation while figure 6 shows the results of these cal-
.s given in Appendix A, while figure 4 summar-' culations using the prior example data.
Izes the relationships developed (6).

While this attribution mode is theoretically
From this formula, it is clear that the amount correct, it poses some practical problems
of (I&, expenses which will be over or under in application because of constraints imposed
allocated in a given accounting period is by the nature of the contract types withir
dependent on two main factors - the amount and the pre and post CAS 1110 categories. 6herca:o
direction of change in the pre and post CAS 410 individual elements sum to the total G&A
inventories and the ratios of pre and post CAS overallocation, there are significant differ-
10 cost inputs to total cost input. Figure ences between marginal totals for CAS covered
5 provides a sumary table that explains what and non-CAS covered contracts. This would
wtll )-pen to G&A allocations under different preclude use of this model for estahlishing
circurstances. adjustment amounts under a policy to disallow

overallocated G&A expenses. The amount of an
adjustment would be significantly different

A-I'TRIBUTION OF THE OVERALLOCATION depending on whether pre or post CAS 410 con-
tracts are adjusted, e,g., in 1978, attrit-Ation
of the overallocation to pre CAS 1410 contracts

Given that the G&A overallocation can be pre- would result in an adjustment -f $',.41 to CAS
cisely calculated, there is also a question of covered contracts, while attribution to post
hou this overallocation can be attributed to CAS hLO contracts would result in an adjustment
individual coi.tracts, since each contract of $11.09. This difference a'ises because
apparently receives an allocable share of G&A non-CAS covered contracts are not. subject to
expenses in accordance with CAS 410. When con- adjustment.
tracts are viewed individually, there appears
to be no problem. Costs that are allocated for
estimating, accumulating and reimbursement pur- POLICY OKtTOi1S
poses are based on expected an.i actual costs
incurred for the accounting period. It is only
when contracts are viecjed collectively that the If no action were taken by the Department of
overallocatior becomes apparent. Defense, the G&A overallocations which would

result from the CAS 41O transition method woul'
result ip substantial windfalls to those ,c-,
tractors who elected to utilize the transition
method. This windfall can be character'-zed as(6) Applicatioin of this for-xnla to the either in-reased cash flow or overpricing.

example data in figure 2c given an over- This distinction, which can ho argued on both
allocation of $12.50, which is correct, legal and accounting grounds, provides a basis
The $1175 amount in figure 2c results for two alternative approaches for dt-aling with
from roundoff in calculating the cost the overallocation, each of which has its
of sales G&A rate. This incorrect peculiar advantages and disadvantages.
amount was included in the example in
CAS 410. Pased on a survey conducted by the Contract

Pricing and Financial Office, Headquarters
U.S. Air Force, the total estimated G&A ove,-

allocation Involving five contractcrs (s,,o
with mcre than one cost center) was $11b mil-

lion over the transition period. The results
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,"IGURE 4

Over/Under Allocation = G, CIa (BIp-EI) CIp (BIa-EIa )

Where G = Allocable G&A Expenses

CIa Cost Inputs of Contracts awarded after CAS 410

CIp = Cost Inputs of Contracts awarded before CAS 410

CIt = Total Cost Inputs (CIp + CIa)

CSt = Total Cost of Sales

BIp = Beginning Inventory of Contracts awarded
prior to CAS 410

EI = Ending Inventory of Contracts awarded prior
to CAS 410

BI Beginning Inventory of Contracts awarded
a after CAS 410

El Endihg Inventory of Contracts awarded after
CAS 410

I- IFIGURE 5

EFFECT OF INVENTORY CHANGZS ON G&A ALLOCATION

aIP- EIp > 0 DIP - EIp I 0 J ip - 0ip 4 0

PRE CAS 410 NO INVENTORY PRE CAS 410

INVENTORY DECREASE CHANGE INVENTORY INCREAS4

8I 11a > 0 DEPENDS ON
MAGHIUEO GSA GSA -

MST CAS 410 I'N.TORY
CHANGE AND

INVENTORY COST IN- U-40ERALLOCATION UNDERALLOCATION
PUT

DEC- _E RAT OS 2:
iir - z1a - = o= G&A NO OVER/UNDER GSA

INV "r _y

CRANGC OVERALLOCATION ALLOCATION UNDeRALLOCATIOM

3! e -A 4!DEPEADS ON [

ClI "CANGE AND
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FIGMJRE 6

A C A C A C C TO7AL

P '.C 5. nn 5. B3 2.5 ^  13.33
C .21 1.46 -. 63 1.0

P C C 1.46 2.92 .'Y 4.37

TOY : 6.67 10.21 1.87 13.75

A 'I C A C F A, C C TOTAL

-P c 8.25 6. 5 .79 15.2 ,
A1 11.75 6.75 .7c; 2 1,.25

S,2 C 12.25 8.79 .On  21."

TO fA' 32.25 23.79 1.5n 57.5n

YEtn 19W'

A"I C A C hCC TOTAL

P C -.73 .10 .58 2.5n

P C F 5.nO 2.69 2.31 10.
P C C 1.35 -1.35 .00 .00

TOTAIL 8.08 1.54 2.88 12.5n

AIO - Post GAS 410 man CAS covered contracts
ACT - Poet CAS 410 CAS covered fixed price contract.
ACC - Pot GAS 12.0 CAS covered coet relaburesment contracto
Pl - Pre GAS W 10 ao CAS covered cotract.

- Pro CAS C ,.10 CAS covered fixed price contraets
POC - Pro CAS 1-0 CAS covered coot reluburaemnt, contracte

FIGURE 7

CAS 410 G&A OVERALLOCATION SUMMARY ($ MILLIONS)

COST CENTER 1977 1978 1979 1980 1981 1982 TOTAL

A $6. 4 $14.46 $16.03 $6.63 $2.97 - $46.53

B - (.19) 1.34 2.51 - - 3.66

C - 1.69 .58 .49 .21 S.15 3.12

D - 2.01 (.20) (.06) .82 - 2.57

E - 1.98 .46 - - 2.44

F - 18.62 3.89 7.45 91 - 30.87

G - 5.56 7.52 6.50 6.21 1.16 26.95

$6.44 $44.13 $29.62 $23.24 $1.12 $1.31 $116.14
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FIGURE 8

CAS COVERED CONTRACTS

GSA ALLOCATIONS AND CASH FLOWS

VGSA ALLOCATIONS GSA CASH PLOWS

TRANSI- SALES 1NP'T TRANSITION DO
TION YR ALLOCATION ALLOCATION ALLOCATION NOTHING OPTION 1 OPTION 2 OPTION 3

1 $137.4 $137.4 $141.4 $140.6 $137.7 $130.3 $136.6

2 144.4 144.1 154.8 152.4 142.7 143.5 142.0

3 154.9 153.5 165.3 162.7 152.4 153.5 150.9

4 164.4 163.2 168.8 167.3 164.1 163.0 161.7

5 172.3 171.3 174.3 174.0 174.5 171.6 170.9

TOTAL $773.4 $769.2 $804.4 $797.0 $771.4 $761.9 $762.1

6 (PROG PMT CARRYOVER) 7.4 1.0 7.4 7.4

TOTAL $804.7 $772.4 $769.3 $769.5

flow advantages), effectively closed out equit- expenses, but stated that "the provisions of
able adjustment as a realistic option for most CAS 410, and the transition method, along with
contractors. Third is the apparent lack of con- the proposed DOD progress payment policy will
sideration given by the CAS Board to the inter- effectively implement the objectives of the
play of the method with DOD cost principles and (CAS) Board and provide adequate protection of
contract financing policy, the Government's interest." While this stete-

ment appears to confirm that there is a defi-
These concerns do not appear to have been ad- ciency in the transition method, it is inter-
equate.,y addressed by the Board prior to promul- esting that even though DOD is expected to cor-

gation of the standard, even though studies at rect the deficiency, the manner of accomplish-
the time apparently indicated that G&A over- ing the correction is seen as limited to prog-
allocations resulting from the transition meth- ross payment policy changes. This position
cd would increase DOD contract costs by about effectively ruled ;ut options 2 and 3 discussed
$300 million (7). Moreover, the transition previously. This position is, however, consis-
method was promulgated over the strong object- tent with the Board's prior observation that
ions if DOD, with the CAS Board emphasizing as DOD "should correct any existing inequity re-
their jz i fication the "impact on the financial sulting from the Department's progress payrncnt
statenents of affected contractors" (which was policies (9)." In surunary, it is the view of
unspecified) that would occur if a transition the author that the CAS Board promalgated j.
method with essentially the same concepts were defective transition method, chare'ed an exec-
not adopted() utive agency (DOD) with correcting the defecL,

and then constrained the method by which the
The executive Secretary of the CAS Board ac- defect is to be c.rrected in a manner that im-
knowledgel, in a letter dated 31 .lanuary 1078, pacts the agency's ability t. contract with
to the Acti.ig Director, Cost Pricing and Fin- private indurtry.
ance Directorate, Office of the Under Secre-
tary of Defense (Research & Engineering), that On 29 March 1978, the ":eputy Under Secretlir)
it was recognized that the use of the trnsi- of Defense (Acquisition Po.iicyl, in a r."m-
tion method results in an overallocation of G&A randu to the Services and tne fi.fen i ' )Fis-

tics Ag.fncy, directed that a revised .
payments clause, incorporating th,- pr(,viiJn"

(7) Minutes of CAS Board Meeting Itb. 48, of option 1, as previrusly discussed (iimiti..g
Attachment A: Dissent by Mr. McClary, progress payments on G&A) be effective )n now.
Para 8166, Cost Accounting Standards Guide, contracts awarded after 31 March 19v8.
Co.merce Clearing House, Inc. This has provided an undisputable precedure

for dealing with G&A overaliocations under CAI"
(8) Ioid, Attachment B: Statement of Board 410 (an affected contractor who desires prog-

Members Staats, Bevis, Mautz and Walker. _

(9) Ibid
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ress payments will have no alternative other
than to agree to the terms of the clause). The

revised clause provides that the payment pro-
cedure w ill not apply when the CAS 410 suspense

aceount is less than $5 million. The revised
progress payment procedures are believed to
adequately correct the deficiency in the tran-
siti)n method, however they are extremely com-
plex and will be difficult to administer.
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INVESTIGATION OF IMPLEMENTATION OF DODI 7000.2
CRITERIA ON NAVY S1HPBUILDING PROJECT

A. M. Feiler, University of California, Los Angeles

INTRODUCTION Critical Path Network Analysis

'Ihis study was undertaken under the Office of One of the commonly used program management
Naval Research (ONR) program concerned with tools, critical path analysis, has In one
improvement of the effectiveness of the form or anot'er, been applied to an increasing
Navy's systems acquisition process. An in- number of government and industry projects
vestigat.on was made on the effecti:eness of since its early use on the 1960 Navy Polaris
current Navy project management systems, and Program. Critical path analysis is now in
the qualkf of current project status report- general use on Navy weapons, air, ship, shore

lag by the shipouilding contractor in terms installation and other projects.
of the dcgree to which such information meets
the Navy project management office needs. If the critical path technique is to be used

by Navy project management on a project where
T.is paper sumarizes the results, conclusions the contractor reporting is in accordance with
and recommendations resulting from an investi- DODI 7000.2 criteria, there is the important
gation undertaken in late 1977 in connection quertion of Whether the contractor's cost/
-vith a Navy combatant shipbuilding project in schedule control system alone, provides
a private shipyard. adequate data to support the critical path

analysis. If not, it may be unfeasible tu
use the network approach or on the other hand,

Cost/Schedule Control Systemes diflicult te, impose still additional data

Criteria (C/SCSC) reruirements on the contractor to support

such use.
The net result of continuing attempts by DOD -'

to develop effective project management has

been the evolutionary development of control Investigation Objectives
systems culminating in DOD's Cost/Schedule
Control System Criteria (C/SCcC) (DODI 7000.2)
being currently reqUired on all new major The primary objective of this investigation
system acquisitions. is to evaluate implementation of a reprenenta-

tive shipbuilding contractor's Navy-validated
To date there has developed) substantial con- cost/schedule control system to determine
troversy concerning what C/SCSC is supposed whether the existing reportiag data elements,
tv, accomplish In its application to private alone, provide sufficienc information to allow

contractors doing Vusineps tri th the govern- effective Navy use of the critical path
ment. Research conducted at the Defense technique for its project management purposes.
Systems Management Schoo), tort Belvoir, The investigation is supported by conducting
Virginia,

2 
ha3 concluded that: (I) contractor a critical path analysis of the shipbuilding

personnel, in genetal demonstrate a better project using only those data routinely sub-

underatnding and make more effective use of mitted to the Navy by the contractor under
C/SCSC concepts than do the government C/SCSC.
recipients of the data; (2) the government
program management com- nity generally lacks A secondary objective is to identify any
effective communicati. regarding C/SCSC additional data elements which could conven-
analysis; and (.) g.)vcrament managers are iently be provided by the contractor as part

j reluctant to use computer and/or operations of its standard C/SCSC reporting--which would
research approaches to analyze the data significantly improve the Navy's project
provided. In sumoary, there is the question management informat; , posture.

as to whether the data being furnished by
- the typical contractor's cost/schedule control

system are sufficient for proper execution of METHOD OF APPROACH
government's project management responsibili-
ties.

A currently underway )mbatont chip construc-

tion project was selected for thif, nvestga-
tion. The "Time Now" date for the anslysis
was selected to be September 1, 1977, at which

point the ship construction was about 15
percent complete.
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Among several candidate critical path RESULTS

techniques, the probabilistic technique,
PROMAP, was used for the investigation The results of the investigative PROMAP
because: analysis are as follows:

A. PROMAP has been used earlier, in
connection with construction of the Lead Critical Path Netuork
Ship of this class and the investigative staff
had pertinent prior experience and data. The critical path network developed by the

investigative staff represents the project
B. PROHAP project schedule, resource plan as of 9/1/77 and is based on the Work

and cost performance statistics in formats Orders identified In the contractor's Job

facilitate direct comparison between P!ZOHAP Status Report dated 8/28/77, which contains

analysis results and the contractor CISCSC significant detail primarily on hull erection
report data. Work Orders prior to Launch. Preoutfitting,

outfitting, test and evaluation and other

C. PROMAP is unique in its ability to post-launch Work Orders are represented in
account for project uncertainties3 and their gross detail b.cause of the lack of detail
effects on shipbuilding schedule, coats and data on unreleased Wor.( Orders.

resource requirements.

Schedule Risk Analys
SOURCE DATA FOR INVESTIGATION

Because the contractor did not report on
The contractor-furnished data were obtained Work Order labor requirements by craft, beyond

largely from two periodically submitted a 60-day period, it was assumed that adequate
reports, Material Order Schedule and Job labor resources would be made available by
Status Report, which provide: the contractor to perform the work in

accordance with the schedule dates shown in
A. Identification of the Work Orders the Job Status Report. Accordingly, no

(which are used as the "activity" elements attempt was made to determino whether such
of the PROMAP network) resources were in fact available and, if not,

the extent of any resulting schedule slip-
B. Work Order scheduled start/finish pages.

dates

Two analyses were run: Baseline Analysis
C. Budgeted manhours for each Work utilizing the data on currnt budget baseline

Order, by craft and Actual Cot Anaysis utilizing data on
actual work piogress as reported in the con-

D. Projected total manhou-s for each tractor's Job Status Report--by item.
Work Order not yet completed

Baseline Analysis (See Figure 1) indicates
E. Percentage complete for each Work that there is a 28 percent probability of

Order underway at the report late attainment of the hull Launch by the scheduled

date, October 14, 1978. The analysis also

F. Scheduled delivery dates for indicates that the scheduled performance
materials and specification items should be accelerated by 12 workdays to

realize a 50 percent probabilit? of meeting
Because the contractor is not required to the scheduled Launch date. Correspondingly,
submit a critical path network as part of hiz if it is - tred to attain a 90 percent
data submittals (nor did the contractor probabil. .y of Launch by the adhedule date,

maintain a network plan as part of his inter- shipwork would L~ve to be accelerated by 31
'nal management system), pzecedence logic for workdays.
the activities (Work Orders) of the critical
path network were initially developed by the The 12 days difference between the con-
investigative staff, tractor's scheduled Launch date and th: PROMAP

"50 percent" date is primarily due to the
Later, prior to completion of the investiga- "mergtr bias" which is the schedule impact of

tion, the contractor developed its own criti- project uncertaInties
I 
accounted for by the

cal path network, but it ras structured at a probabilistic analysis.
grosser level of detail than the Work Order
level, As compared with the Baseline Analysis

results, the Actual Cost Analysis (See
Figure 2) shows that the probability of meet-
ing the schedulad Launch dote is reduced
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from 28 to 22 percent. To realize a 50 TABLE 11
percent probability of meeting the Launch
schedule, shipwork must be accelerated by 13 CRITICALITY REPORT: ACTUAL COST ANALYSIS

workdays; to realize a 90 percent proba-
bility, tlhe acceleration must be 33 workdays.

Code Description Criticaliy (7 1

Work Order Criticality Analysis Mile-
stone 20 Launch FFG-9 100

Because PROMAP accou..ts for work performance A002 Procure Reduction

variability, it is able to report on the Gears (GFE) 52
"criticality"* of each Work Order (in contrast LOAD002 Load Reduction Gear 52

with deterministic critical path techniques 243-OIC Mach Shaft Bearing &

.-hich identifies only a single critical path). Boring 52
AO0 Procure Main Gas Tur-

bines (GFE) 42
TABLE I LOAD001 Load Main Gas Turbines 42

150-53C Erect Dk Ilse Str Unit

ACTIVITY CRITICALITY: BASELINE ANALYSIS 5-3 42
195-33B Erect On Ways Unit 3-3 42

Code Description Crticality (2_ 245-02 Ins Prop Hub Pk/Secure 26
150-52C Erect Ok lise Str Unit

Mile- 5-2 22
stone 20 Launch FFG-9 100 195-34B Erect On Ways Unit 3-4 20

A002 Procure Reduction

Gear 48
LOAD002 Loed Reduction Gear 48
243-OIC Mach Shaft Bearing Production Labor Analysis

& Boring 46
150-52C Erect Dk Ilse Str PROWAP presents labor requirement statistics

Unit 5-3 44 for any individual craft or combinations of

195-33B Erect On Ways Unit 3-3 44 crafts, as desired. Because contractor

AOOI Procure Fain Gas Tur- labor pool data was not made available, it

bines 42 was necessary to assume that sufficient

LOADO01 Load %ain Gas Turbines 42 labor is on hand to meet demand, in order to
25-02 Ins Prop Hub Pk/Secure 24 avoid "levelling" of the work load due to

150-52C Erect Dk use Str manpower constraints.
Unit 5-2 24

195-34B Erect On Ways Unit 3-4 20 The PROMAP Baseline Analysis expected total

_ __ _resource utilization of 2,067,254 manhours

closely matches the budgeted 2,067,818
manhours ahown in the contractor's Job Status

The corresponding criticality values for Report while the Actual Cost Analysis pro-

Actual Cost Analysis, shown in TABLE II, be- jeered total of 2,188,142 manhours compares

io, reveal only minor differences. favorably with the contractor's projected
2,117,437 manhours.

As shown in Figure 3,a peak daily Baseline
Criticality is defined the probability requirement for 592 workers occurred duringthat a given Work Order ill lie on the crit- the two-.week period ending 10/21/77; dropping t

off rapidly so that by the end of February 2cal path during the ccurse of the project.178olaou Owoks-rdaar

Criticality is a convenient measure of the 9
"se12,4tivity" -- or importance -- of an Indi- required.
vidual ork Order. For the same two week period, the Actual

Cost Analysis (Figure 4) indicates an

actual peak labor requirement of 670 workers-

per-day, or a 13.3 percent increane over
tie 5naeline peak requirement.
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Budgeted Cost for Work Scheduled (BCWS) FINDINGS

BCWS is the budget applicable to the labor The investigation resulted in a number of
scheduled to be accomplished within a given findings, both general and specific:
time frame. As shown in Figure 5, the
cumulative BCWS expected value at "Time Now"
is interpolated to be $7.28 million; at General
project completion, $28.50 million. The
minimum and maximum values of $27.87 million The routine data submittals resulting from the
and $29.01 million respectively, reflect the contractor's validated cost/schedule control
variability of project performance. system constitute a marginally adequate data

base to support a Navy-maintained critical
path network-based project monitoring and

Budgeted Cost for Work Performed XBCWP) control system.

BLW is the budget applicable to the work The contractor's cost/schedule control system
actually accomplished. The BCWP tabulation does not provide adequate data upon which to
of Figure 6, is based on the percentage base a meaningful "forward look" which in a
completion estimates for underway activities predictive manner may be used to: A

contained in the contractor's Job Status
* Report (8/23/77). The value of BCWP at (a) Identify potential problems

"Time Now" is interpolated to be $6.8
million. (b) Lvaluate contractor's work load and

work force planning

Actual Cost for Work Performed (ACWP) (c) Evaluate cost/schedule impacts of
change orders or other contract

ACWP is the "Time Now" value of the actual changes.
accumulated hours spent on Work Order line
items. As shown in Figure 7, the ACWP at The contractor's use of a "deterministic"
"Time Now" is interpolated to be $7.1 milliou. (as opposed to "probabilistic") scheduling

approach results in schedules which are
Sinherently optimistic.

I Schedule Variance Analysis

There is no available indication of the
The difference between BLWS and BCWP values nature of the contractor's estimating philo-
provides a schedule variance in terms of sophy which provides the basis for his
dollars. In the FFG-9 case, less work was scheduling, co.ting and resource allocation.
performed by "Time Now" than was scheduled For example, were estimaLes "best," "most
to be done by that time and the resulting likely," "expected" values, or other deter-
schedule variance is $0.48 million, which ministic values? Or did the contractor
indicates a schedule variance in terms of obtain three values, "optimistic," "pessimis-
time, equal to 9 workdays. tic," and "most likely" and then calculate an

"expected" value. Without such indication,
it Ja difficult to determine whether the in-

Cost Variance Analysis puts to the contractor's cost./schedule control

system are biased in one direction ot another
The difference between the BCWP and ACWP (or, for that matter, whether the Navy's
values at "Time Now" provides a cost independent estimating for progressing pur-
variance between the actual cost of work poses, is similarly biased).
performed to date and the budgeted cost for

that work. The cost variance amounts to Although the contractor's Monthly Job Status
$0.3 million, with "actual" cost exceeding Report and otler submittals identify all of
"budget" cost. the Work Orders, the absence of any contrac-

tor-furnished critical path network or other
Work Order sequence display makes it difficult

Estimated Cost at Completion (ECAC) to define the logical predecessor-successor
relationships of the Work Orders. This

ECAC is the cumulative total of the projected deficiency is especially critical when
cost at completion of all Wotk Order items considering equipment procurement and subse-
as shown in Figure 7. The Expected Value quent installation schedule pairs. Accord-
for ECAC is $30.18 million with minimum and ingly, it is difficult to determine the
maximum values of $29.63 million and $30.58 identity of the Work Orders which have some
million, respectively, resulting from level of criticality and therefore require
variability of project performance. particular Navy management attention.
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Work Order duration data do not accompany Navy tracking of GFE/GFM is not sufficiently
the schedules shown in the Ponthly Job Status responsive which if the case, can lead to
1-porr, which makes it diffJcult to interpret potential contractor delays and disruptions
the significance of the Work Order scheduled resulting from late deliveries.
start and finish dates. For example, the
contractor informed the investigative staff
that the "start" date represents the "earliest Specific
start date" and the "finish" date represents
the "latest allowable finish data" for a The process of subjecting the Work Orders to
Work Order. If such is the case, then the the level of analytical scrutiny required tocontractor's scheduling approach has fully develop the critical path network revealed

allocated all available "float." In other at least one serious error in the sequencing
words, all the Work Orders are 100 percent of hull erection tasks implied by the
'critical." =trractor schedules: The upper units of the

hull above "L. auxiliary machine rooms were
Many Uork Order schedules shown on the Job scheduled to be erected earlier than the
Status Report re not compatible with the scheduled date for installing the diesel
progressing information shown thereon. In generators in the auxiliary machinory rooms,
some instances, Work Orders which should have immediately below.
been completed prior to the "Time Now" date
of the report are still underway, or have npt The Navy apparently does niot currently have
yet been started. In many such cases, the routine access to a record of actual start
schedule dates are supposed to be annotated and finish dates for all Work Orders, nor
with the letter "L" along-side, denoting does the contractor routinely reschedule
lateness; however, in a number of instances, activities which were due to start or finish
such a notation does not appear. by the "Time Now" date but have not actually

done so.
The contractor releases Work Orders to the
performing activities 60 days prior to the Approximately 300 Work Orders were found
scheduled start date of tie work. Accord- which should have been rescheduled; 200 of
ingly, there are no Job Status Report details which were items that (according to the
on Work Orders scheduled to be released original schedule) should have started before
beyond the 60-day period. Such information "Time Now," but did not.
may be available in preliminary form some-
where in the contractor's validated control
tystem, but is not currently being required RECOMENDATIONS
by the Navy to be furnished as part of the
contractor's routine data submittals. It is Based on the results of this investigation,
concluded that such data is not required it is recommended that the DODI 7000.2
because thie Navy is not employing a rigorous criteria as applied to Navy shipbuildingproject management tool which can employ such project management be supplemented to Incor-
data. This deficiency seriously handicaps porate the following additional procedures
any "forward look" analysis of the impa,t of and requirements for information to be
changes, late deliveries qr any other furnished by a contractor's management infor-
'!perturbations" to the project plan. mation system.

The different contractor C/SCSC reporting Within 30 days followfng award of a ship-
documents are to some extent updated by the building contract, the contractor should be
contractor independently of each other, with- required to deliver an "as planned" activity
out suitable cross-checking interfaces, network project plan, identifying the planned -i

resulting in significant onflicts in data. work packages and the interdependency
For example, the latest ,aterial delivery sequences which the contractor intends to
schedule made availab.e for the purposes of follow in order to reet his contractual
thia investigation represent data several commitments. The "as planned" project plan
montbs old and, hence, not compatible with need not be regarded as a commitment as to

the current contractor-released installation the precise manner in which the job eventual-
schedules. Such scheduling inconsistencies ly will be done, but should be provided
became readily visible during the structuring primarily to:
of the PROMAP critical path network which
requires precise interfaces between inter- (1) Assure the Navy that the contractor
dependent Work Orders. has conducted adequate planning,

scheduling and rebourc - allocation 4
The GFE/GFM schedule provided to us by the for proper executioa or '.. project.
Navy repre,3ented contractual delivery dates,
not necessarily predicted delivery dates on
an iteri-by-iten basis. It Is suspected that
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(2) Provide the Navy with an important REFERENCES
assist in interpreting and
rationalizing the large amount of

data otherwise furnished by the 1. Feiler, A. M. "Project Risk Management,"
contractor under DODI 7000.2 XXIII International Meeting of the
criteria. Institute of Management Science, Athens,

Greece, 27 July 1977.

Using the contractor's initial project plan
(6.1 above) as a starting framework, the 2. Holeman, F. B., Jr. "CISCSC Analysis:

Navy should utilize critical path analysis The Time is Now," Defense Management
as a continuing element of its administration Journal. April 1974, pp. 39-42.
of the project. The critical path network
should be maintained and updated to incor- 3. Hapella, Leonard S. "The Effect of the
porate all contractor construction, Cost/Schedule Control System Criteria
procurement, outfitting, test, evaluation (C/SCSC) on Contractor Planning and
and other actions required to successfully Control." Unpublished Doctoral
complete the project. In addition, GFE/GFN Dissertation, George Washington Univer-
delivery cycles should be interfaced with sity, 1973.
the project plan and continually monitored
and evaluated regarding impact of GFE/GFM 4. Varley, T. C. "CBD Announcement, ONR
deliveries on contractor performance. Upon Systems Acquisition Research and
completion of the project, the individual Technology," ONR:431, 17 June 1977.
updates of the maintained critical path
network, together with the final, "as built"
network, will provide a useful documentation

package for post-project analysis or for
claims evaluation purposes.

The Navy should require early submittal of
sufficient detailed information on all
contractor Work Orders to allow effective
Navy moniroring of the planned project from-start to completion. To allow for the
preliminary nature of the details on Work

Orders that are scheduled considerably beyond
"Time Now," the Navy should acknowledge that
any advance detail data submitted on Work
Orders are preliminary--and will be used for
Navy planning purposes, only.

The Navy should require that contractor data
submittals concerning schedules incorporate
specific data on Float, Slack, Criticality,

or other measure of the relative importance
of each of the Work Orders to overall

attainment of contractual commitments.

The Navy should require the contractor to

routinely submit a productive labor comparison
by month, comparing available labor resources

with the level required to meet delivery
commitments. The Navy should then compare suchdata with its own independently developed

data for the purpose of evaluating the
adequacy of the contractor's resource planning.

Where project uncertainty is a significant
factor, Navy shipbuilding project management
should use a probabilistic critical path
networking technique with which to indepen-
dently generate BCWP, BCWS and ECAC data
which can directly be compared with contractor
data submittals.
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= REP.ACEMI:NT COST ACCOUNTING: ITS POSSIBLE F.FFFCTS ON GOVERNMEN T CONTRACTS

. Lieutenant Rcegs Canny, Unl tcd States .Jr Force Academy

ABST&X;T t ln, m'lal Statement'. bnasedt onl historical costs
-= " useful as a source of information for de-isioa
7 -: makinF and for evaluatlrg past performarce in

SA -ecent development ill tile accounting profes- light .,I today'.-, activltIeb. 3imply stated,

sion--replacement cost accountlng--could have hits l, a . do nlot adequately segregate r
: [a major impact oil government procurement con- tUkW opturatlng prt 'tits fior tile 70sts nf skis- P

tracts. Replacement cost accounting, i.e., t,tiniag rihe business during periods of changing
tile restatement of tihe balance sheet and Income pric, levels. F-,r ex,;mple, historical cost

statement to reflect tihe effe,.ts inflation hat, Ifii--,i.! statements te nd tc, -verstare pyrofics
had onl cotporate assets--conld lead manutfac- duriny p..riods of rtsjn , pri,es by u~nderstating
Lutiters to overcoripensate in overhead rates and expk use. fikey match curr, t ' l-venues with
co,;t o' goods Sold to make up for tile under- d, d (osts and fell cc te,-o, ize tile eroding
depreciation of ai. ets and tile underptilcingp of purchasing power of thle dollar. Spveifically,

inventories inl comparison to today's costs. ltant capacity or qu.pment purchased inearhier
This paper will explain what teo/acemaent, cost p( w iods become ; "undei-valued" lit financial
accounting is and its possible ramifications statements durling per-iods3 of inflation. iff
for government contracts ill accoullting for inveuto, ieb are field over long periods o. timae, 3

Sdepreciation and cost of goods sold. Lthe,! Loo are shown at less than their current
%a .ae. Whnthe historical costs o hs

.it ai ers are "matched" with revenuer to rueasture
*PART I income, th- "Income" -ail' include tile effects

[_ (of bothl Specific price changes and general
1111.l WilY OF REPLACEMENT MO.. ACCOU:NTIJNG inflation and may nlot really show how well the

! contractor has performed. Therefore, in intla-
i ton= ry tines, financial statements based on

Financial Statements basedi On historical co. ,,; ititbtrtcal cosrtj can present many p:oblems to

N are used by many (.fferent people. Ianagers Lthe users of these it. tements.
use information from financial statements to

iimprove their business decisions. Inviestors In order L, overcome the problems associated

_ ..[_. .use information from financial statements in u , the ns. ! of hi! ,torical cost statements 11.
t - deciding where to invest and in evaluating tile hjt taionsry eriod5 nd to provide greater in-
i~isuccess of" their investments. Lenders use formati- l t-) [il,- users of financial &L;a, tile

information from financial statements to decide S(,utrities and Excitan.ug Commission (SC) Look
whecher to grant loans and what conditions to an unpre-edent.-d step %il tine zecounting

tile U. S. Air Force In particular use financial Ac-counting Series Release No. i3O (ASR No. 190),
= statelnents hit evaluiating vari-ous procurement wtl.,,t requires all SEG registrants With inven-

actionls. These statements are used to evaluo
°
,
,  

t,,ries and gross property, plnnt and equipment
aconcractor's financial position and operating wht, a,--regat~e more thlan $100 nillio,, and

![performance to determine If a contrart should whith t nprise more than 10/ of tile total

be let, continued, or cancelled. tSets, re d-sclose certain specified rpae
meat cost data in financi.al Statements filied

If there were no changes in tihe p)urchasing With tile SEC. Tile required data are. (1) estt-

power of money, and no changes inl tile prices of mated current replacement cost of (a) Ives-
individual itrems, historical cost accounting Caries and kb) productive capacity, at tile eno
would serve all users of financial statements of cacti fiscal year for whJcn a balance sheet
just fine. Assets and liabilities measured at is required, and. (2) the approximate amount of
historical Costs would reveal tile financial (a) cost of sales and (b) depreciation, based
position of the firm, and historical costs ont replacement cost tor tile tye most recent full
matched against revenues of a current period fisc il ;esrs. In addition, di.s-lJosure will be
would pro Wde a useful measurement of current t~quired for method:, of determining re.1 cement
performance. The past and present mea.,oromentLS coqts and anv additiona, tnfor~tatlont that
of a contractor's perfor-mance could be evalu- managkemertt believes i,; necessary to p~revent the
ated on tile same basis without having to worry replacement cost information from being mis-
about restating past results to reflect current leading. Disclosure of all data required by '

prices. Unfortunately, life is not that ASm lo. 190 may be rithir lit io fecotnote to tile
simple. financial state-ments or In a separate section

of tile finaincial statements following tile notes.
In recent years, almost all nations of tile In its release tire SEC states that tivr., purposes
world have experienced significant inflation. of the required disclosure of current replace-
Tile price changes that have occurred have made sent cost information are-:
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"to provide information to investors For inventories, this presents no particular
and other interested parties which difficultics since most companies replaC in-
ill Lrit hmin obtaininigan ventories continally with similar or identical

undestadin ofthecurncotitm. tisamtethnf triiyLe
ofoperating the business. .. (and) current cost, at thle balance sheet date, of

current cost of inventories and pro- dor, the coi.,ent market price or vendor qota-

prics shuldbe based on the company's notmal

na iepotential toreurchneinmnprc aeilvblwcrntaktpies
othr res.ASR No. 190'S asset requirements tile lep1.~CCmEn!t Cost WnUlo be the contract

ofndO mii~n in combined inventories, plant price. If the coocrat hzns only a short time
an qupertfor disclosing replacement cost to run, however, the yeat-end market price
dna il efet any Air Force contractors. should be used. Thle : EC requir". tit obsolete z

Cenerl Dyamics gtheri M~ nnel Douglas, adntb nlddi cpaeetCs
an otrphv engteigreplacement ltos Theiemar:otpartofcn

cotdaainalattempt to show what infla- tinluing operations, 'tid will not be replaced.
tinay re~ueshaedone in the are-a-, ofC Also, many compaixez t'hat employ standard cost
invntris ndplntCapacity. Therefore, it L-7stems reg'.larly revalue their inventori-es at
w-m dataeu oexamine exactly V~at prevailing cost levels. Timing this revalua-

rhelsefint hatebe doing in the area of tion to occur at vear-end, or doing a supple-
roplthemen coti acons n and then to analyze nentary revaltuition to determine replacement

how h~s actonsmight effect possiblt puoern- :oat ;,r year-end, would appear .o re-quir-e

have perpetual Inventory records.

PART I I Thus, the task of computing year-end inven-
:ories and restating cost of sales ona

Ti1-1 HOW OF REPLACEHVENT COST ACCOUNTING replacement cost basis will probably prove to
be simpler for most firms than the task of
determining -.he replacement cost 01 productive

Tile intent of thle StC's ASR No. 190 was to capacity. Inventory trnnuactionS Lake plaice onl
have firms alhow exactly what it would cost them a regular enough basis for Most films $o that -

in today'.- dollars to replace their present they will be able to establish replacement Cost
Inventries and production capacity; thereby, with little troub-le at year-end. However,
giviug at better picture of each. firm'si finlar- determining Lte replacement cost for new facil-
cial position. Further, this action was 'it- itc n qimn iheuivalent productive

signed to ",how what the income statements of !:Ajyakc i ty presents a real c~hallenge. To accum-
these firms .:ould look like if these same plibil this, it is necesar,. .~ determine wha~t
invernories and production capacities were replacement facilities ant' .quipment are aivail-
expresseiii n .day's; dollar value.- and nor in able and to equate the -,rodur--Ivity and cost af
terms of wihat these items c.., leveral years operation of Lte replacement item to thle

Ago. the entire move toward rep.-a. *..cjt cjqt original as3set. This poses some difficult
accounting was designed to proviee a Kol problems. Thle replacement cost of equivalentI
current analysis of a firm's financial her us.1' equipment does not sat(ify the require-
during inflationary periJod'. The quertiz,s ren t. In trost casea, used equipment would
that now must be answere.' ire h-w Are these present a temporary rather than a long-range
replacement cost figur a derived? How -ire they solution to thle capacity replecenent problem.

presented? And, what affect will tha> ,. ave on Where machin-!ry and equirpment Are invnlved,frs faacisaeet? Oc hs ehooial q..aetui so'e o

questions are answered, then the (il impact of Available for all assets. Tile Cost of recon-
replacement cost ac,:ounting vill be evident. structing an identical piece of equipment trun

service parts, to replace a 10-year old machine
The SEC defines replacement cost as: no longer avaiilabls! commercially, could he s-ih-

stountially above the cost of purchasing d new
the lowest amount that woeld and mork! Advanced unit. fin evaluating the snub-

have to be paid in thle rnormal ce.r! ttantirl number of repi.Icemut no els Avail-
of busineil-; LU obtalin a new &s~ct of able, each will have different , r . *~
equivalent operating or productive featreu and different price La68. :.eu Li
capability." eachi individual callital as~'et is evalunt--d on -J an asset-bv-asset replacement basis, s,stantiasl

Z n -



latitude is left with the user in selecting EXHIBIT 1
the replacement unit to be included.

EXAMPLE 01' DISCLOSURIE OF REPLACEMENT
Since replacemnt Cost.- fol Leitcries will be COST AS REQUJIRED IN FORM lI-K FILED
easier co estimate -han tho . ised astcets, WITH SECURITIES AND EXCHPNGE
the SEC has provided some . in devvl- COMllSSlON
oping replacement, -osts * 've cap.z - A
ity. Specifically, it, C~ &~ P. C.P PANY
Bulletin Release No ZC. t 197o,

the Commission provided. t, :~ direc-- EStimat, '. teplacemcnt. i-1 t Information (Un-
tions: auiited,

ment Of -1 co'pany'L IF' ?ro- eartain of the Company's a,,sets has been estJ-
duce and distribute. I ,,,,ucti. e mated by managentcaL.
capacitLy of a manufa! -. -L-1 bt
measured by the nuitbes.t ' its it Estimate,
can present~ly pi )duce as stribute KIA-,'JiCal Replacer *t

within a particular tim~. rame; in IDecemlber 31, 1971 Co't Cost
~h ase of a telephone company,

for example, it -oulo be a measure- (Smillions)
nient of the nuk.-r Of telep'.o-e
calls it can presently Complete Inventories $91 97
within a certain tLi~se frame.

There is nic simple colacep* of Product.ivt. Capaci ty IS7 272
re*.Ja ement cost which will 1,e Less: Accumnulated
applicable in every clrcum La-ce. De, reciation Z>38In general, replace:'ent 'ost vt Net Cost of Capac-
productive capaci ty xea--. the 'ost ity $124 $186
of rcplacing capacity W thin the 1existing business framework of the rHnedDcebr71
ent!Ia,. Thus, replacement cost I%
dnes not generally contrA~Le a
single time complete replacement Cost of sales $297 $316
of total capacity whil,. tot~al. y peito12

ignoring the structure of the Dpeito 12Ibusi. t3 as it exists. Neither
dues .aanreplcemet ofeachAn e~.aminatlon of the data reveals that replare'-of Us. s:pecifCic assets currently
owne un~ss tat t *.h wayin ent. cost data clea'l> reflect that. C & P'-
whic tu buinea gnerllyre-Cempany's inventories arv! productive capacis.,

are tridervalued In terms -f today's .-ost-;.
placs is caac~y. athe, r- 'onseq,,ently, the firra's cost of sales and

placement costs should be based ondprciio ealosesttd teeb

the ntit's nrma appoada~ CSUIlng in a greates, net income basis thanV
teplaemen of a~aaity.would exist If thp- irnvcn~orjes were ex,?resscd,I dnd the eq.iipment depreciated using toc a> 'sHaving deternined how these replacem-ent coa;ti

are calculated, we will now demonstrate how ot.Scino ainprste inotne
this data will be presented. As statedfomIa epnthritdrcinb'n
earlier, ASR No. 190 requires th3t replacement odrt elyapeit t antdiMto-ildi he analyzed In relation to the Tirm'scosts be presented in either fOOtnor-5 to the1 balarc shcet and income Ftatcnent. ExhibtH 2
original historical coStL statementcs or in a
separate section of rhese statements. Iii presents C %. P's balance sheet and Income
either case, the data presented will he very statement on a historicai coat basis. ExhV)Ibit

3 shows the same data With the Inventory andI
similar to that found In Exhibit 1 (careful aoutv aaiyrsae ae nteCt

attention should be made to this exhibit cin'. nrotiv repacen coetate shown on. txhebi esi. r
the data contained In the exhibit will be used
In the followiag two exhibits). ynacngEhbt2ad3Si' aeul,

Not: Ehibt, , 2 an 3 re daped romthe ire a impact of replacement Cost accountinpNote Exibi , , 2 an 3 re daped romcan be discerned. Notice total ,sasvts In
the foL~wing text: A Pr -imer on Cost Reelace- 1.hiltit 3 are $67 milliezt larger due to
ment Accounting by William J. Bruns, Jr., and i
IR-chard F. Vancil. incresa g oi $5 mill .'n In Inventoricu and $(.2 -

mli__..., ... L productive capacity. Thun, !f
the firm would have to replace these two
critica! ftems today, it would have to pay an
additional $67 million because of Inflation. ~
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EXHIBIT . EXHIBIT 3

C & P COMPANY C & P COMPANY

Balance Sheet
(Based on ilstorical rests) BloeSer(Based on Estim .d Replacement Cost f'3r

Decenber 31, 197' Inventory and Productive Capaclrv)
($ millions) (S millions)

ASSETS ASS,. 7S

Current Assets:
Cash $ 17 Cn $ es
Accounts Reccivat:e 54 Ae

Inventories 92 Accounts Receivable >4

$163 Inventorer 9$2721$ 8

Fixed Asset: 
Assets:Land $ 23FieAst:

' ProuciveCupciy $G7Land $ 23

i-L ss: Accumulated Productive Capacity $272
~~~Depreciation 63 121 es cuuae

E: 1 7 Depreciation 86__

V Cther A&.sets: e 13n186 209
Totl 3__ Other Assets: !3

Total Assets $390
EQUITIES

Current Liabilities:
!lIots Payable 5 20

Accounts Payable 4i Current Liabillt.es:
Taxes l1uyable 19 Notes Pavable $ 20

Accoun". 7-4iyable 41
Lcng Term Debt: 56 Taxes Psy- '-l 19

Owners Equity: $ 80
Coon Stock $122 ong Term Debt: 56

Retained Earnings Owners Equity:
January J, 1976 S 48 Coimon Stock ,122
Add: Net Income 17 Retained Earnings:
December 31, 1976 65 January 1, 1976 5 48

187 Less: Operating
Total Equities $323 Loss ___I

4.
Holding Gains 91

Income for the Year 1977 $254
(Based on Historical Costs) Totol Equities $390

Income for the Year 1977
Siles $371 ($ million)

Coscs of Goods Sold 297 Under Under Changas due

Gross Margin 74 Historical Replacement to Account-
Cost Cost: in7 Method

DcprelaAon 21Acrounting Acco !Iti
Otber L'.penses 36 n

Total Expenses 57 Sales $371 9371

Net Income $ 17 Cost of Goods
Sold 297 31b (19)

Gross Margin $ 74 $ 55
No dividends were paid to share holders. Depreciation $21 $26 (5)

Other
Expenses 36 lu

Total
Expenses 57 62

Net Income (Lons)$ 17 ( $2'
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The critical point that must be analyzed though .onsiderably upon future pricing deLisions and
is in the income statement. Notice in Exhibit contract negotiations. Assuming that the
3, under the replacement cost approach, t',at fictious C & P Company portrayed in Exhibits 1.
the C & 1P Company shows a n.-t loss of $7 2, and 3 is representative of such firms aa
million compared to a reported gain of $17 those found in the aerospace industry and those
million using the historical costing data at that are major government suppliers, we can
Exhibit 2. begin to analyze what possible effect this

replacement cost data will have in the govern-
'The critical point tha' this analysis portrays ment procurement arena.
Is that C & P's revenue have been rising due
to inflationary pressureb, but its dated costs
in the areas of depreciatioo and inventory EXHIBIT 4
expense are $24 million off the pace in terms
of today's prices. Thus, what is actually AEROSPACE FIRMS MEETING SEC ASSET
being reported using historical coating Ic REQUIRFM1ENTS FOR REPLAUEMENT COST
artificial profits. The firm bas not generated ACCOUNTING OISCLOSURE
$1. million in real profits as the historical (dollar (igures in millions)*
costing method might lead one to believe. It
must actually use these $17 ail. ion in reported (1) (2) (3) (4) (3)1(4)
profJts as well as an additional $7- million of _ of
retained earnings to replace thc Inventories Year Gross Inven- (1)+(2) Total Total
and peoductive cap:city in terms of today's Ended Prooerty tories Total Absets Assets
costs. 31

Thus, replacement cost :,counting demonstrates Dee General Dynamics

the true effect t'|,ti i..iation has upon a firm 1976 1,153 571 1,724 2.006 86%
and eliminates th, t-ismatching of current 1975 1,022 521 1,543 1,863 83%
revenues without u ta costs. Having examined 1974 922 470 1,392 1,634 85%

the why and how of replacement cost accounting,
it is an appropriate time to analyze this 31
latest accounting development in terms of itt Dec Lockheed
possible effects in the area of government 1976 742 405 1,147 1,521 75%
procurement. 1975 733 388 1,121 1,389 81%

1974 709 893 1,602 1,899 84%

PART I1 31
D)e c McDonnell Dougla

THE EFFECTS OF
REPLACEMENT COST ACCOUNTING 1976 684 1,494 2,178 2,391 91%

1975 666 1,638 2,304 2,466 93%

1974 672 1,659 2,331 2,459 95%

The Seac's pronouncement requiring replacemeaL
cost accounting information i,. mandatory i i 31
all firms whose stock is traded publiciy and Dec Northrup
who Possesses at least $100 million L.. inven- 1976 250 121 371 597 62%
tory .,nd gross property that reresent 10% or 1975 232 142 374 544 69.
more of total assets. One industry that Is 1974 217 129 346 496 70%
greatly affected by this nnw accounting con-
vention is the aerospace lndustr--a prime
supplier of major weapon systems for the Air *

Force. Exhibit 4 shows four representaive Data extracted from Standard 6 Poor Corpora-

firms from this industry. All four meet ASR
No. 190's asset guidelines. Therefore, each
firm must develop and present repiacement cost If we assume that C & P Company is a major

accounting Information in conjuncLI~ii with the supplier of Air Force resources and operates on
annual financial statements presented on a sacost plus a fixed fee basis, then much may be
histortal cost basis. done by C & P to increase the costs that should

be reportd to the contracting officer. The
With such major firms as General Dyne.. ,historical cost data in Zxhibir 2 shows that
Lockheed. McDonnell Douglas and Northrup having C & .' would biJ. the Air Force $297 million it,
to revalue their inventories and productive cost of goods sold and $57 million in operatl_
capacities to meet SEC require.-ents, many expenses and generate a reported net income of
questions are dei..loping as to now this data $17 million after considering the fixed fees
will effect future company decisions. With charged. However, by complying with SEC re-these firms realizi~ng that they must replaceplcmncotrqienshef=nw

tody's placement cost requirements, the firm nov
inventories and depreciable assets at today's realizes that in order to replace the Inventory
inflated prices, such knowledge may Impact sold to the Air Force, it must now repurchae
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it at today's prices of $316 million, indicat- a hedge against the economic losses reported

ing a $19 million increase in costs actually under replacement cost accounting. No longer

reported. Further, if the firm was to provide will the firm's cost basis be outdated and its

adequate depreciation allowances for the re- fixed fee e.:en away by inflationary price

placement of its productive capacity, then an increases.

additional $5 million would have to be set

aside as depreciation expense (See Exhibit 3). Titus, the SEC's latest pronouncement in the

accounting industry at first glance seemed a

Titus, through replacement cost accounting, long way off from the world of government con-

C & I' now realizes that by agreeing to a cost tracts and procurement actions. However, once
plus a fixed fee basis it is "behind the power the full impact of this recent accounting

curve" in terms of replacing its assets at change .s felt and corporate executives see in

today's costs. if it had just continued to print what they way have only suspected, we

report operations on a historical cost basis, predict that many major government contractors

it would not have realized that the $17 011 be pushing for some type of rate strL-ture

mill ion in "operating" profits as well as an which will -*,'pensate them for this phenomenon
additional $7 million would have to be used that occurs in periods of rising prices. If

JuL tu rep' ', the assets expended in Its the future does hold such even's, then procure-

latest year of operation. From an economic ment specialists should be prepared foa thls
standpotn" thenl, tire firra has not generated a and should, realize the many complexities

profit of $17 million, but rather has suffered associated with this newest type of financial

a $7 million loss in terms of today's Inflated reporting. If replacement cost figures begin

prices, to directly enter into contract negotiations,
then the Air Force contracting representatives- Arived with these facts and aware of the impact Must unders.tand why these figures are created, r tl

that inflation has upon the operations of the how they are arrived at, and how they effect

firm, C & P may attempt to increase its procurement activities. What is now appearing

reported costs to the government. Herein lies in footnotes to historical financial state-

the crux of the problem with replacement cost mentS, indicating the replacement value of

accounting information within the government inventories and productive capacity, may soon

procurement environment. Most procurement bec6me the center of attention for many

contracLs are worded so that th supplier is government activities.

reimbursed for his actual or "out of pocket"
costs. These are the costs reported on the
firm's historical financial statements and the
costs that should be reported in a cost plus

fixed fee government contract. However, the

supplier will now realize that he is not
adequately providing for the replacement of the
assets consumed by the Air Force in terms of
today's higher costt. By being aware of this
replacement data, the firm may attempt to make
ur, for the ground that it is losing by reporting

COSTS that. are greatly increased over the
historical cost incurred. It will then be up

to the procurement authorities to insure that
the costs that are reported are, in fact, the

historical or actual costs agreed upon.

Obviously, a supplier may not revert to such
covert actions as reporting fictious higher
costs, so as to stay ever -4ith rising prices
and rport an economic I ofit, but It -ay start
to look for a new negotiated contract basis.

instead of seeking renumeration on a cost plus
a fixed fee basis, since the supplier is now
aware that its cost basis 15 becoming outdated

in an inflationary period, .t may seek a
negotiated full price contract. The price

probably would be set substantially higher than

what was charged in prior years under the cost

pltjs system since the supplier will be
attempting to cover not only historical costs

and realize a profit, but It will also be
attempting to provide for inflationary cost

increases. In this way, the supplier will be
staying even with inflation and will thus have
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CONTRACTOR FINANCIAL DATA RETRIEVAL ;.ND ANALYSIS SYSTEM

David M. Koonce
Chairman, DoD Contract Finance Comittee

1. INTRODUCTION Electric "Copper Impact" computer network.
Financial statements of companies not in phe

The increasing number of management decisions system can be fed into the computer for analy-
facing Department of Defense (DoD) acquisition sis and the system can make projections and
executives require a comprehensive analysis of simulations. A typical analysis costs about
the financial impact of policy changes on $15 per company.
major defense contracts. For example, on
programs with large cost overruns or claims, While the system can handle data for 2700 com-
DoD management wants answers to such questions panics, it presently Includee financial infor-
as "How much money can the company borrow?" or Matlon about 900 publicly-owiud companies. To
"UJill the company go broke unless we increase 1llu.'tiate the system's utility, there were 87
the contract price?" publicly-held companies on the 1977 list of

contractors receiving the largest volume of
There is a need for an in-depth financial DoD prime contract awards; 74 of these are in-
analysis on major acquisition programs. We eluded in the 900-vompany data hank.
should be doing everything we can to predict
financial problems with major defense con- Most stored financial data is obta.tied from
tractors In order to avcid drastic measures of Standard & Poor's Compustat Services, Inc., a
financial relief such as unusual progress pay- subsidiai:, of Standard & Poor's Curporation.
meants or extraordinary contractual actions This information, called "Corpustat," includes
pursuant to Public Law 85-804. Under current 133 elements of audited annual financial data.
practice many post-award financial reviews are Five years of financial statements, including
made by CPA firms under contract to the DoD. historical trends, are available through
This practice Is expensive, time-consuming, FINANDA,. Several ratio reports also are
and does not lend itself to the " aat if" pro- available. Furthermore, with the user fur-
jections that are an essential part of the nishing the assurptions, the syste can
decision-making process. produce five-year projections.

The purpose of this paper is to describe the ANALYTICAL OBJECTIVES
new Contractor Financial Data Retrieval and
Analysis System (FINANDAS), which is a com- FINANDAS is designed to analyze liquidity
puterized system designed to assist the DoD in through such ratios as current assets/current
the financial analysis of major defense con- liabilities (current ratio) and cas. plus
tractors. The system was developed by the marketable securities/accounts payable (quick
Logistics Management Institute (L-1) under the ratio).
sponsorship of the Director of Contracts and
Systems tcquisition within the Office of the In the long run, a corporation's fortunes will
Under Secretary of Defense for Research and often rest upon the strength of its capital
Engineering (Acquisition Policy). I As structure. Solvency Is tbe relationship of
Chairman of the DoD Conract Finance Corzmittee, debt to equity and assets. Therefore,
I am responsible fo' the implementation of the FINANDAS is designed to look at such factors
system. This paper will discuss the features as capital structure, the iss.ance of addi.-
of FINANDAS, how the system can he used to tional debt or equity, and the cost of capi-
solve acquisition problems, and system imple- tal. Ratios analyzed include debt/equity,
menta-ion status. tangible net assets/long-term debt, and net

working capital/short-term debt.

II. DESCRIPTION OF FINANDAS
Profl:ability probably receives the widest

FINANDAS is a computerized system for obtaining visibility of any component of financial
and analyzing financial statements of major anaisis. Net incomae/sales, and net income/
defense contractors. Users, through a time- assets are the traditional measures of prof-
sharing computer terminal, can retrieve stored itability among financial analysts. In recent
data and obtain financial annlyses. Reports yeirs, cash flow, or "actual cash" generated
are printed on a time-sharing terminal con- from operations, has become recognized as an
nected by a telephone link with the General equally important aspect of profit analysis.

Cash flow is particularly important where non-
1 "Contractor Financial Data Retrieval and cash charges depress reported profits. Because
Analysis System" (FINANDAS), Logistics fixed charges must be covered by real cash,
Management Institute, Task 75-11, January cash flow has become a key indicator of near
1977. Much of the description of the system term visibility. Furthermore, cash flow over
has come from this report. the term of a contract will be a vital deter-

minant in any change of the DoD contract
financing provision.
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ANALYTICAL REPORTS The Forecasting Factor report, shown on Table
5, aids in projecting a company's financial

"the Balance Sheet, often called the "Statement position. This report contains factors useful
of Financial Position," identifies the year- in pecifying assumptions for projecticns.
end amounts of a cormpany's assets and liabil-
ities. Most of the accounts shown on the The Projection Assumptions report, shown on
Balance Sheet are significant, and their Table 6, is included in the computer output to
trends should be reviewed. Trends for several make explicit the assumptions used. All x
key accounts are flagged with a "P" or an "N." assumptions appear by account projected, and
for important Positive or Negative indicators are identified by source: "input" (provided
of financial health. A unique feature of the by the user) or "default" (provided automat-
projected bal'nce sheet is the entry for "addi- ically when no user assumption is input).
Lional borrowing," which indicates the cumula-
tive excess of cash requirements over cash i1. APPLICATION OF FINANDAS
generated. A projected balance sheet is shown
on Table 1. FINANDAS has heen used on several occasions to

analyze the cash tlows and projected cash
The Ineor'e and Retained Earnings Statement is needs for major DoD contractors with financing
anothei traditional analytical report. Key problems. The first task was to gather
data for trend review in the income section history using the Compustat data base .nd
are: Net Sales, Gross Income, Operating analyze the current financial status ot the
Income, Income Before Tax, Income Before company. The next step was to develop pro-
Extras (extraordinary items) and Net Income. jection assumptions using the trends and
A projected income statenent is shown on Table ratios from FINANDAS. It was a simple job to
2. input these assumptions and obtain the pro-

jected financial statements. These reports
The accounting name for the Changes in Working were reviewed with DoD acquisition management
Capital report is the Statement of Changes in and additional projections were quickly made
Financial Position, but It is often referred based on alternative assutiptions. Some of tihr
to as the "Sources and Applications of Funds," assumptions we investigated included:

or "Funds Flow" statement. The Changes in
W¢orking Capital report is oriented more toward * the impact of various levels
the total -let working capital rather than to of government financing
cash. Such an orientation reflects the need
for working capital to fund sales (through * program cost overruns
accounts receivable), provide sufficient work-
in-process inventory for production, and main- * settlement of claims
Lain a finished goods inventory to meet sales
comnitments. In government contracting, a tax write-of fs
working capital is required to complete the
product befoxe payment at delivery or at The key items we addressed were cash flow and
certain milestones. This report is shown on the amount of additional borrowing required.
Table 3. The projections not only indicated how much

additional borrowing was needed, but piovided
The Annual Ratios report contains key ratios to an annual repayment schedule. This is
evaloet performance, capitalization, liquidity critical to lenders sinc :he time of repay-
and debt coverage. The performance ratios ment is an important consideration in loan
measure the return (income) on equity, sales, availability. The imm.diate access to audited
measure the balance between use of debt for projections has made FINANDAS an effective

leverage and the need for sufficient equity to tool for our analysis of contractor financing
insure financial soundnes". Because the needs.
liquidity of a company - a direct measure of
its financial health, t irge number of IV. IMPLDIENTATION STATUS
liquidity ratios are provided. In addition to
the current ratio and the acid test, the The development of FINWDAS by LI is complete
liquidity ratios analyze receivables, inven- and a user's manual has been published. lie
tory, payables, working capital and cash flow. are currently organizing a training program
The debt coverage ratios indicate the cash to be conducted by the Services for the usc of
cushion available to pay interest on debt, or personnel Involved with the acquisition of
meet comitments for debt repayment and capital major weapon systems. The "Compuitat" data
expenditures. As an overall measure of base and the FINANDAS 'iomputer programs re2
financial health, the system provides the Z- available t- :zubscribera ot tlie 'r Foree
Score, a weighted sum of selected ratios. A "Copper Impact" computer network.
projected report in shown on Table 4.
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TABLE 1
ulSED PR{JFC fD

iAL.A '- S"e-'T OF LCY.K'FED CY3IP

I;,-),':;TlY: AI~'V.FT - PARlTS D.Tk PRINT') 111 '-' 1LI7'.S

d:;T.i U:CAL fR' EiNO! 'WC fC I)EC EC 9L;C
r:13,kL Y'A 1077 19713 1970 1o0,"rd'Y

CA' ' . I/ .PIS l4".9 I.i. I 173.7 1")5.3 1I72.2 .3

ACCAIUJi " LIVtu[. 20:;. I 15..A 2> .1 237. A 24)..
i OVN, -I YES 2,5 46.6 46"3.7 4)1..9 16.4 9., i
OtTIr ClE.Y ASET 74.0 7a. ; p2.36 '. , .,

Tu',[. ;l-; Er" A'QSET' ,i'. 4 031.7 9:1.1 QA 1.4 1 0}.1 8

JH.J"S "lT 7S- . I 770.7 7-35.' 8'O.. " ' l I i
AC"',. lPP'cC ATIJ" r) 1I. . 3 6r 53.6 5.. #,r)3.4 60 34

NET PLV'T 24n.6 133. 22A.0 219.9 212.7 -3.oWII ,vcS,-!.T9 -r%0 0 n-. -0. 01 -. -. OX

11 :A;l II IL 95 -n).0 -10.h n-- -) -0.0 -11.0

t jTrr AqSE'T 40,.6 A Q.0 C3 )*. 4-)9.3 409.F 1.*

l.T L A'SET3 5ri. I A69. 3 1677. 1701.0 1741.3 9II=== = --- = ===_- ==LIA.-ILITIES & JI1Y

ACCIMT PAYAbl.L ?27.i' 139.1 251.9 263.4 276.9 n;.c,1AT' 'uIlI '!bf*S .DMT 2-. l 97." o7.' 2C7.3 -3., q3.5")

AY)ITIJ AL jI0): 3Ii'3 n. O. 0. .16.I. -'%o
I!iC1'.AE TAXS PAYAbl.

-  11.5 12. I4.4 16.2 1*3. I1.S'S

U'IH C'J4R:AT LIAU. 563.3 --?13 42).7 651,5 683.0 r)0.S

TJTL 0'I!?E;IT LIALS. (27.7 041.1 9A3.8 113o1. ) 1004.A 7.¢ ,

LGIrp T9 ; DE6T 53A.1 43A . 3 340. 132.7 132.7 -32.o':

UTHEiR .-f LIAr. 4.4 4.4 4.4 4.4 4.4 1.

TIFAL LIB ILITISS 136 q.2 1383.8 1323.7 1276.') 1231.9 -2.9"%S

V- 1III0TTY INTEREST B! -0.0 -0.0 -0.0 -0.;) -O.n -1, O

PRFE')RED STUCK 17.4 47.4 47.4 47.A 47.4 n. t:(;
CG'4'I01' STOCK< 11.4 11.4 11.4 i1.4 11.4 '. % (

CAPITAL SURPUIS q0.1 i p.1 "8.I is.1 9,84I ). yS

RET I'IFJ 9ARII IGS 73.F 134.6 202.2 275.2 362.6 47. 8%0
----------------------------------------- --- ------- -------

SHlAREqUI.I)3PS E0QITY 220.7 781.5 349.1 425.1 509.5 23.2%P

TOTAL LIAti. & EQUITY 15SR.9 1A65.3 1617.8 1701.0 1741.3 2.1"1

WORKIG'I CAPITAL 2n.8 -9.4 -32.7 -157.5 -65.9 -n.0%
LO'1 "'E:Z CAPITAL 756. 8 719.8 689. e 557.8 642.2 -5. 7 '1
fANC0L= 'ET 1WLqTH p20.7 8 1.5 340. I 429. I 509.5 23.2%D

DATA S0'IRCEs SEE illiOR ANALYZET OITDUT FOR TH!S C.MAAtGY
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CJ 4TRACru ,ItNA',CIAI. I)MTA RrTIIEVAL & ANJALYSIS SYSTEM II APa 7 n P13
TABLE 2

USED 0PJECTED
I \C ) .. "FTk,'Fl) qfRNING STATF.E'NT OF 0NII"'JAN CLjPP

-';"'S'?Y: G'JLW) MI"SILES P cPCF vl IC DATA PRVIT.D INI VILLIONS

i t , ,,u AL YR i-PI, PnFC DFFCFO rE? , C DEC
tH[-;CAL YAR 1077 1979 1970 19,0 1981 TtE ,3

I NC -."

,NET SAL.-S 1577.2 1A56.0 1738.8 1825.8 1917.0 r.n
LUST JF SALUS 138().9 1A49.9 1522.4 15)P5P 1678.5 '4Z

(;O' S IdCu', 19-A.3 206.1 216.t 227.2 238.6 r."9--
b5l .'I G, UT'1 & .D'AI',' 137.9 I . 192.0 159.6 167.6 .

DE )CI A1T I 3N IS IQ.o 113.9 1 0.0 20.9 2i.0 S.0 s

' t 4,P--ArIiG PICO)P- 40.4 42.4 44.5 46.7 49.1 S. 0"/

1iTeiSTLxo--is!- 10-7 18.n 18.2 17.5 16.7 - 0 -/ c
SPEC'Pl. ITFtS . 0. 0. 0. 0. -0.0'
OTHER~ I,'/';/-EXP 21.5 22.5 23.7 24.8 26.1

V r,1ci VFOE TFAX 43.2 46.2 5).0 14.1 9 9.1., ("
INC.: TAXES 1,8 19.1 20.6 22.3 24.2 9.nXs
; Iinfl;ITY INTEREST IS f0.6 0.6 0.7 0.7 O.P 9. nl

8 INC0: : =YE FXTrAq 24.7 26.9 29.6 31.0 33.5 .0q
EXTDAORI a~AWh ITEIIS n. 0. 0. 0. 0. -r),0 -

.,ET 1oC)4E/-LOSS 24.7 26.5 23.6 31.0 33.5 R.0O9s

RETA1INE') -.FRNI1JGS
; --== =-- :------------..-==

6E0I IT'!0 8LA11CE 121.2 141.1 162.6 186.3 212.4 15.0%
RESTATEM ENT -0.0 -0.0 -0.0 -0.0 -0.0 -0.0%

AS RESTATED 121.2 I,4.I 162.6 1I6.3 212.4 15.0%pP

PLUS :N42 INC/-LOFS 24.7 eo.5 2 3.6 31.0 33.5 .9.0S

LESS DIVIMIE,4iS 4.9 4.Q 4.9 4.9 4.9 0. %S

uTHER C14ANGES . 0. 0 0. 0. -0.0% :!

ENDIIIG BALANCE 141.1 162.6 18.3 212.4 241.0 14.3%0

INCRfEAS./-DECREASE 10.8 21.5 23.7 26.1 28.6 MV7%9

DATA S4Y]mCEI SFE P0T,1 ANALYZET OUTPUT FOR THIS COMPANY
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TABLE.I 3

U~h PROJECTED

;IA.,G.S I'l '(1'( H CAPITAL OF RaIR INDUSTRIES

I;fn',TY1 AIRCI:AFT D RTS & ,V"X r-OI DATA PRINTED INt T'iOUSANDS

YLNITI FI3CAL YR END'; PI'L JIUL JUL JIlL JUL

FISCAl. Y. AR 1079 1978 198 r, 1981 1982 TD0fl9

SbC3!:2 uh vTRA
S  37A4A. A490. 5731, 719 7. 92613. 2r)' IX

P

TruTAL 9?- IECIATi1N 76A7. A024. R376 P1 '44. 9126. 4.",c

OTPHrR JODNS soIRCES -93?. -1119. -1427. -1o17. -2307. -0.0-,

---------------------------------

TJTAL FU , JPNS 16040. 11401. 12660. 14924. 16098. 11 . 3'

SALE 3F PA'f, c. 166R. 174?. 1 1898. 1931. -

SAI .r K 0. 0 0. 0. -n.w

E'N L,]NG ThRW DT 0. n. 0. 0. 0. -0.0%

uTHF...CS .o. 0. O. 0. -0..0

TOTAL 1,1JRCES 12167. 13142. 144Q8. 16122. 18069. l0 . 5 '

APPI.ICATI INS

DIVIDEN)S -n. -0. -0. -0. -0. -n.ow

CAPITAL EYPENDITURFS 956. 100 17. 10457. 10916. 11395. A.4%5

I NV rSTIENTS AC 0. 0. 0. 0. 0. -0.0%

DET iATURITIES 1392r. 25020. 30029. 45029. -0. A4. VIS

TREASURY STOCK DURC n. 0. 0. 0. -.-0.0

uTHF? AOPLICATIONS -5"0. -668. -956. -1325. -1794. -0.0%

TOTAL AOPLICATIOU
5  23021. 3437f. 39530. 54620. 9600. -P.11

NET IlCl I:ASE/-DECR -i0or8. -21236. -25022. -38498. 8466. -r.0%

SUkM"ARY OF CHANGES
--- ------------- 62 -71. 59y. -38. n.o

CAS4 & EQUIVALENTS 5520,5. -462- -7134. -5900. -13182. -0.O"

ACCOUINTS RECEIVAULF 152. 4264. 4477. 4701. 4936. 102.4%

I NV1INTUQ I E3 3803. 4008. 4208. 4418. 4638. 5. •S

uTIt:R CIIORENT ASSETS -402. 230. 241. 253. 266. -0.0%

CUP ASSET IICR/-ECR 586.'A. 4340. 1822. 3472. -3342. -0.0,

ACCOUNTS DAYABLE 925. 1Q21. 2016. 2117. 2222. 2c.3 '%

MAT!IRING N TES&DEBT 1A)3. 1 1104. 5000. 15000. -45029. -0.0%

ADDITIONIAL BOPROAIING -'. -0. -0. -0. -0. -0.0"

INCONE TAXFS PAYABL
"  54310. 11269. 18491. 23440. 29513. -4.8%

OTHER CURRENT LIAB. li17. 1282. 1346. 1413. 1483. 5.6%

CUR LIAB. INCR/-DECR 60924. 2r576. 26853. 41970. -11810. -0.04

DUE TO RESTATEMENT -n. -0. -0. 0. -0. -0.o%
---------------------------------------------

NET I .CRASE/-DECR -108r,5. -2i236. -25032 -38498. 8468. -0.0%

CASH FLOW 10210, 11113. 12393. 13936. 15800. II.6%P

DATA SOURCE, S- PRIOR ANALYZET OUTPUT FOR THIS COMPANY
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TABLE 4
~USEp PRojEC rED

A'IPAL PT[C FnR ANALYSTS OF BJEING CO

INDI)STRYI AIlICRAFT DATA PRINTS.) ITN PEQCEh'TS*

' F3"ITh SCI:)AL YR EiN" ; EC DI.C DEC nEC DFC
r1V(AL YEV" 1077 1O7d v179 1Q00 19AI TDE.\fr)

~PERFOR "'"?E

INCi.":_/A'IV3 ,)!ITY 1n.3 10.2 10.1 9.9 9. A q
IC0:E/S LES 2.8 2.9 3.0 3.0 3.1 X 1 S
INC Ii/AVG CAPUTAL 1A.2 14.1 14.0 13.o 13.7 -'1 '

I NC o r/AS5EYS Z A.7 8.7 .9.7 8.7 8./ .n
nET EA^ V/A S:TS 7 34.e 39.5 42.2 44.7 47.1 2.6 D
SALcS/A.'IrTS 7 201.1 ;0 1.0 199.5 195.9 193.. - "
$Al-."S/AVU EOUITY 363.3 150.6 338.2 326.2 314.P -12.2 HI, SALr S/.PKIlG C\P. 556.6 r06.2 464.1 42P.4 193.7 -4).4 NAU:S/PIU PLANT 1040.Q 1172.3 1315.7 1485.4 1689.0 1 Ico. I D
API)'u<. P/lF IATlu 1? -% -0.0 - 9.0 -0(1.,11 -0.0 -,).o

CAP II"LTIZATIUJ _

L-T D-3T/10I-ITY 9.8 7.0 5.r 4.1 3.8 -1.3 D

LIAS./E)OUITY 71.7 67.3 63.4 59.8 56.5 -3.9 0
L-T Dc3T/L-r CAPITAJ. A.1 6.5 5.2 4.0 3.7 -1.1 D
,K c0rjITY/TOT DEIST AZ IrVP.9 1242.2 1r5.,d 1994.3 2636.5 401. PIiiLI0' I)I TY -
CU?[lE'JT RATIO 210.2 121.3 232.3 243.3 258.5 11.9 D
ACID TEST 135.9 146.9 158.0 169.0 I13.1 11.7 P
DAYS3 RECEIVABL. Eq 2;.3 25.3 25.3 25.3 25.3 0.0
KECPlIVA3LS/iURK CA-) 3A.6 35.1 32.2 29.7 27.3 -2.8 N
I JVfENTUtRY TUaNS R R, I ., I 9. 1 8. I 8.1 -0,) q
I 4V FNTOR IES/*,URK CAP 61.8 56.1 51.4 47.5 43.6 -4.5 D
DAYS PAYA51.ES Q 38.2 38.2 38.2 38.2 38.2 -'.0
WtMPKI',0 CAP/ASS-TS Z 3A.5 30.7 42.P 45.7 49.0 1.1
L-T DOET/,qOKING CAP 14.0 10.5 7.P 5.6 4.,; --. 3 P
CSH FLO/TOT .IAB 23.7 24.4 25.0 25.6 26.2 0.6 S

COVFRAGF
------ ---------------------

INC BIT/INTEIEST 1630.3 2027.1 2469.5 3054.9 3R91.4 q51.? P
CSH FLO/DBT AAT+C.%-.  230.6 251.2 260.4 270.2 331.3 20.? P

UVERALL ST'REfGTH

Z- "CORE TOrAL Z 9.29 10.78 12.71 15.38 19.28 2.5 0

* .XCRPT WHERE MARM) R(RATTO) OR 7-SCORE TOTAL
Z THES ,I l THE CDO"hNTS . TOTAl. 0F THE Z SCLPE-SF2 'ANUAL FOR EXPLA.oATION
AZ APPROXIMATIOI TO .AqKET r1IITTY/TT r)E3T-,-Z SCORE TOTAL ONLY A0DIMYT.VATF
SE RELATIVE IwcOMAr ,'rATE' irlT AND 4?LATIVE BALANCF SH:ET FOR 3THER KUY tiATIFS
DATA SIRCEs SrE PDIJl ANAT.YZET OUTPUT FOR THIS COMPANY 4
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TABLE 5
ic iPrcAsrItJ0 PACTORS ilF F"C C )RP

INr)"sr'SY CJISTMlICTIA.Y ',ACHI'IERY R fr)P DATA PRINTED IN PFqCFNTS
- 1"T4 FICAL YQ I'qnP r)FC flEC C EC DEC TD

FISCAL. Y', 1072 1073 1)74 1075 1976 A FOAGF TRn

FO: C\ST ¢PIALE

"3AT5 ) VA:,I \WLF

s AI.rS '3-1 qT4

.1,-F 'iA L1,> 10. 5 14.79 20.64 IC.50 -15.43 3.0F -3.)i4
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CU.W1RALIZE VRWUt DECE'Ni flAXI.ZKD
1=~4 MANAGFIEfT wirriiii HIQ, A!RRC01-4

Donald L. Bixby, Procurement and Prouuetion Polic;i and Plans Office
HQ, U.S. Army Armament Materiel Ifeadinesz, Coir.manl

111TRODUCTIO1b Tht. stully also foutil tsiat the I eation en
ti-ilized or decentraliy.,i) of i'er ,onnel
pa' -orsnnz iniventor" mazieremen~t was ncot as I

'Die purpose of %his paper is to present a syn- sijnifxivtnt as the establishment of, training
opsis of a study on centralz-Led versus dacen- -1i, and adherence to standardized procedures,
tralized mainagement and ilem emanagement con- both off-line and CCSS automated.
ducted wichiln Headquarters, ARRCOY from July
1977 through April 197(I. The final study
report . ,ccee ded 1.01l) pages, inclua-ive of rather
extensivo doowuientation and reference materiel STUDY SYNOif:6 EXTRACT~.
in the Appendicaes. The full -,'port .ill be
av-1ilable hroughl the Df :/, gistics
Studies l:frainExchansi-e for -ht,.e -tho :ra,'

-~ -wish to pursue the detail and bacik-ap material.
This synopsis will provide highlights and j2bet atter: Th t'vre~uearc.v ano<Iextracts for those whose principal interest is eitnlyzel the- alternattver of centralization
in the general cuncept of iontralized veraus suid lecentral izat ion of o)rganizat ionr for
decentralized management, study methodology ittem/iniventory mar.agerient wita~in HQ, AitiCOM.
employed, lessons learned, and possible iphasis was on the qualitative aspects of the
application to a similar situation within organizational alignment of item/Inventory
their own organizations. M4anagers ftr the performanrce of supply (NICP1)

SUItARY /ABSTRACT ,ckround: A pr~or .;tudy, on unbi lled i~hip-
nsent. of material ide-ntified the cxist~ng de-

___ centralized al gnn of i~nnungers as Ea
The stuly findings indicate that neither possible detrimental factor ir. billing/system.
extreze~i.e., total centralization or total sfceiu.Current study, was directed cy
iecentralizaition, is practicAl or desirable. Gc, AR.COV to be performed as an in-houce, .Ik
the ;,rtferred and most often utilized organi- i orc. effort. Study began July 197 with s-.udy
Z:Itioaal structure appearc tr be a combination e-yilpletior. -'n April 19718.
Lf both co-acc-pts. In that respect, the current
Inventory manugement alignment. within 111, '-rno.e/oofectives:; The study W#-- to :ientify
ARK0.OX 4s a combination of centralization and theif %lternatives oV :entral-,zed Pnd decentrial-
decentralization, and its cantiniuation was iz.A Itern/Materiel m.na.,-u-ent within 114, ARlHCOM
highly rated in the study analy-is and conchj- t. ,erform an objectiv-e inalysia of the alter-
3ions. A high potential alternative for the .t'eand make recor-e:,dationr as to the
longer term involves a partial cantralization; pr.'f'rred alternative, functional alignments,
i.e., an increase in centralization over that an~d other actions ats determined by the study
of the current alignment by consolidating the findings. The study analysed and compared
inventory management of quality assurance four alternatives for orgiinizational a lignment 2
equipment (FATE) and depot aunition main- of inventory management. The alternatives
tenance equipment (APE) into the existing NIGP analysed are: Continuation of Curreit Align-
organizational elements, while leaving indug- nient: Further Decentralization; Partial
trial production material outside: of the NIC- Ce-ntralization; and Total. Centralization.
management unless the Items are sold or issued. :ontjnuatio of currer.l. alignment was consider-

-!d to he t:.e ba-,io slt ietion against which t-he
The study also found that not only is tnerc no ,Uier three alternatives were compared. 'he
clear cut "beat" answer .n the question of current alignment , re.ferred to Us "Status
centralization versus dccentraiization, there 4~uo" in 'estudy text, was defined as being 1
is a definite lack of agreemient as to Lt, sul-icquent toOctober 197 1, and assumed
definiticon, opplicatlon, advantages, and intlementa-tion of oever %. "In-process" changes;
disadvantages of either option. This general i.,fully operational eptatblishment; of
lack of agreement, or disparity, it. definition DliSAR-DA as the ?4ICP for Conventional Ammuni-
and use of terms was also found to apply ,o ti n ufLder tne ~M concept; the AY~ ':te or
subject related terms such as: item Manager, assigning MCN's and le.-vting DIRSAR-Pu indiistrial
Inventory Manatger, and Inventory Management. Omponents into the NSNIOR; full Implerientatlo
This lack of common terminology was found not of the -aostomer Order Control Point (COCF) in
only in colloquial usage, but surfaced in the )iA-C;and full implementation of all

-research of regulations and academic texts, approved recommendationL of the prior study on
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"Delivered-Unbilied System Deficiencies." require a major organi zational realignment
within HQ, AUR CO4 (i.e.--recommendations wo,!d
involve inventory management only, .nd not 15

METHODOLOGY overall ARRCOM).

The study was conducted by a Task Force con- FACTORS BEARING ON STUDY
posed of three groups: A Study Advisory Group
(SAG) to provide advice and guidance; a Primary

S Working Group (PWG) which was the principal con- The facts and factors bearing on the study
ductor of the study; and a Technical Support were primarily of two categories: administra-
Group .TSG) to provide technical input and tive, or those which impacted the actual con-
information on functional performance of item/ duct of the study; and, subjective, or those
materiel management. The study was conducted integral to or impacting the performance of
in compljance with the requirements of AR S-S materiel management within IIQ, ARRCON4.
and DARCOMIR 10-1 as applicable. The following
nethodology .a.. employed in the performance of a. The Administrative factors included:
the -tudv:t(1) The study was conducted within

a. CoMGUct literature research. This the limits of available regular hours, with no

included such sources as prior internal staff overtime.
studies, TASS, DLSIF, DDC, AMITA, other Readi-
ness Commands, private industry, educational (2) The study objectivity and impar-

institutions and libraries. (Reference Biblio- tiality was to be maintained. This was accom-
graphy, and Appendices B and 1! of the full plished by forming the Primary Working Group of
stud) reports.) members from organizatiors not directly per-

forming item manageme.. function!. This then
b. Conduct internal (IIQ, ARRCOM) survey necessitated a certain amount of "education"

through a questionnaire. of the PWG.

c. Compile and analyze survey results. (3) Somewhat parochial orientations
4 and understandable bias of the various func-

d. Contact resident experts and Army con- tional organizations representatives made
sultants as appropriate, definitive data gathering difficult.I e. Gather data from ARRCOM functional areas (4) Research time, both in the loca-
through discussion meetings. tion and acquisition of applicable source data

and in the physical review of that data proved
f. Categorize and analyze, as to methods to be much greater than initially anticipated.

of management, the items which are and those
which are not under Item Management. (S) The scope of the study was much

broader (e.g., all six elements of inventory
g. Develop list of potential performance management) than indicated by the prior study,

indicators as criteria for comparing alterna- which was keyed to "Delivered/Unbille. Shipments
tives. Deficiencies."

h. Analyze data gathered from functional (6) External limitations, workloads
areas and determine significant factors which and organizational priorities resulted in severe
influence performance, restrictions on availability both of tea mem-

bers and of administrative support.
i. Develop and analyze alternatives for

item management alignments. (7) Personnel involved in this study
and/or contacted during its conduct evidenced

j. Compare those a' rnatives. (Reference competence in their assigned materiel manage-
Comparative Analysis.) mont responsibilities, displayed a conscientious

attitude, and except as noted above, were highly
k. Develop impacts. Quantify cost and cooperative.

personnel impacts as much as practicable.
b. The Subjective factors included:

1. Develop conclusions and recommendations.
(Reference Conclusions and Recommendations.) (I) Current SM inplewentaticns and e-

organizations including the further decentrani-
m. Prepare final report. zation of IIQ, ARRCO, inventory management through

the formation of DRSAR-DA.
n. Present results to Command.

(2) Current development of the neow "ABC
Tin e basic assumption of the study was that the System" for integrating ammunition component
recommendations, if implemented, would not reporting and loading those items ;n the NSNN!DR

throuRh the PMDR to allow CCSS pro .",ing.
536



(3) Basic requirements to comply with crucial terrs requiring deflnition were those
ASPR and other regulations, related to materiel management (e.g. Item Man-

agcr, Inventory Manager, Materiel Management,
(4) Implementation of the various recom- etc.) and Llarification of Centralization and

nendations from the prior study on "Delivered/ Decentralizar:on. Considerable effort wasUnbilled Shipments of ;eficiencies," some of expended "n this area, and the backup material

which are in process and the others assumed to can be found in the complete report. Basically,
be effecteJ in the near future. Matcriel Managerent is a broad term covering

all aspects of the management of items and
(5) Basic differences in the missions and materia!. Item Management is roughly synonomous

functions of the various organizational ele- with Materiel Management, and should be con-
ments of 11Q, ARRCOM. sidered a broad or generic term. Unfortunately,

colloquial usage varies and there are numerous
( )he scope of the overall ARRCOM missions and simultneout. applications of the term Itemand the diversity of items result in extremely anager to those performing various fuactions of

complex organizational interfaces. Materiel Management. Irese varying functions
should be more accuratel, described by terms

(7) Ilhe evolution and development of many denoting the specific a-.cas of materiel manage-
independent procedures unique to an organ-za- ment invol-.ed. For example, the materiel i,.an-
tional cle. ot and geared to the management of agenent functions performed by DRSAR-M!,1 and
its assignea items and mi'sions, including the DPSAR-DA are actually inventory matnagement, and
utilization dnd development of ADP processes/ the official (job description, Series 2010) title
systems other than CCSS (e.g.,--the current for the people performing these functions is
DRSAR-MA development of a stand-alone process 'Inventory Management Speciali t." But these
for APE). people are frequently referred to as Item Man-

agers. Similarly, the people from DRSAR-PD,
(8) The magnitude and complc:.Jtv of the though also often referred to as Item Managers,

CCSS itself, and the attendent difficulty in are actually Productiop Management Specialists
achieving universal integr-t.i.d unde standing or or "ProJuction Managers" (generally engineers
util'zation of the full ystem and processes and industrial specialists). The people from
throughout I9, ARRCOM. DRSAR-IL are actually "Case Managers" and

should really be performing very little of the
DSUSOMinventory management functions.
DISCUSS ION

c. A more difficult area to resolve is that
of the terms Centralization and Decentralization.

a. The complexity of the study subject was Though singular definitions may be developed for
recognized at the outset. There was also a each, in application any condition identified as
strong .uspicion that considerable ambiguity "centralized" in one frame of reference may
and misunderstanding existed among the various paradoxically be identified as "decentralized"
11Q, ARRCOM organizational elements in reference at another level or in another frame of reference

-to usage of terms, delineation and separation (e.g., the "centralization" of all conventional

of responsibilities for the different missions ammunition inventor) management functions in one
and functions, and the utilization and adher- organizational element may be conskdered a "de-
ence to available standard systems and processes. centralization" of both materiel and overall
These suspicions were all supported as the study aateriel manageent functions; hith corollaries
progressed, ad infinitumn). The PWG found no singular answer

to the definition of centralization. The only
b. The preliminary survey questionnaire resolution to the problem appeared to be

served several purposes. Primarily, it gath- arbitrarily establishing an ad hoc definition
ered data for later comparison and analysis, of centralization as it pertains to this stud)
covering such areas a. items managed, who nan- and in reference to the performance of the sixi ages the items and how, and differences in pro- elements of inventory management (i.e., Catalog-
cedures and definitions of terms. Results of ing, Requirements Determination, Procurement/
the survey indicated considerable disparity in Production Direction, Distribution Direction,
the understanding and use of terms. A set of Maintenance Direction, Utilization and Disposal
clear definitions, as applied tc tne st:idy, iirec'ion). Backup material and discussion on
therefore became a crucial early effort of the this car. be found in the report. Briefly,
Primary Working Group (PWG). The survey also centralization is the grouping of all similar
served as an "ed,|cational" device for the PWG, managem:,t functions within a single organiza-
providing a good cross-section of information tional element. In this context, current inven-
on materiel management activities within 1lQ, tory management is basically "decentralized."
ARRCOM. The survey responses also served as a For the purposes of this study, the fo. lowing
guide to the PWG as to what additional areas definitions of centralization and decentraliza-
and questions needed to be covered in subsequent tion apply-
research and discussion meetings (Reference
Final Report, Appendix F) with representatives (1) Centralization. Item/fnventory
of the key functional organizations. The most management under one control; i.e., all item!
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inventory managers and their functions are address aspects of mission, organization, con-

located in and work for one diiectorate. tro:, regulations, procedures, personnel,
materiel (items), costs and other factors

(2) Decentralization. Responsibility impacting item/materiel management. Tie com-
for the functions of inventory managenent and parative analysis of status quo and the alter-
items managed are spread among several direc- natives are presented in Chapter 5, with the
torates. Directorates perform all or most of summary and conclusions of the findings and tle
thc! functions of inventory management for items study recommendations given in Chapter 6.
in their functional area. Item/inventory man-
agtrs are located in two or more directorates. g. 'Though direct references are not always

cited in the body of this report, the data and
d. Another problem encountered by the PhC information available in the appendices served

was in the conplexity, variations, and magnitude as the basis for the analysis, conclusions and
of materiel management within HQ, ARRCOM. The recommendations presented herein, The informa-
variation ir both items managed and uniquely Lion relative to "centralization/decentraliz.i-
-pplicabie procedures for their management, as t ion" and to the definition of terms came mainly
well as basic differences in the missions and from the PW'G's research into available litera-
fuic: tons of tht- organizational element in- ture, prior studies, regulations and other
valved, mad" ouantitative comparisons and documentary sources. The information relative
analysi-, d, "fi:..l i.7 not impossible. Though to missions, functions, procedu~res, "systems"
the PWG expend-d consilerable time and effort utilized, personnel an-! item assignment., and
in trying to duvelop useful quantitative de.ta, problem areas came mainly from the inputs of
sufficient comparable data was not available the various TSG representatives (primarily those
for meaningful quantitative analysis. The from the key functional directorates involved in
stud% emphasis, by the dictates of the subject or directly interfacing with inventory manage-
narter, was primar'ily centered opon the qualita- ment).
tive aspects. Even in this regard the complex-
it), and organizational interfaces posed a prob-
lem for the PKG. If each variation in proce- COMPARATIVE ANALYSIS
dures, item assignments, and organizational
alignment were to be considered as a study
"alternative," the list of alternatives would Centralized v. Decentralized.
becomp so long as to preclude analysis. Te
P'; resolvcd this prt'.ler. by reducing the poten- a. Or.,anizational centralization, in the
tia! alternativwc to the minimum - i.e., status pure ser,.:e, is the location of all functions in
quo, further dece.tralization, further centraliza- a single element with a single, vertical line
tion, and tota. centralization. All variations of Pochority, direction and control. It is
in item a'signments, procedural changes, etc., rarely applied and generally imp-actical. Any
could then be treated as optiont or conditions deviatioi, must be considered to b_ some form of
of the basic alternatives. This development is decentralization, although it may le closer to
shown in cmnp'?te report. centralization than it is to total decentralid-

tion. Total decentralization is equally rare
e. Asruming status quo to be the condition and impractical.

from whicl, -ither centralization or further
decentralization might evolve, it was necessary i,. Organizational decentralization can
to delineate that condition. Considering the occur in varying degrees and in several differ-
dynamic nature of 110, ARRCI, the implaentation ent contexts:
of SM responsibilities including te establish-
-,ent of the new URSAR-DA Directorate for con- (1) Large organizations may require
ventiona! ammunition, the assumption that the decentralization merely for the sake of dit iding
recommendations from the study on "Delivered/ the organization into manageable parts or divi-
Unbilled Shipments Deficiencies" would be fully sions; e.g., most large corporations are orga-
implemented, the constant orocedural changes nized into major divisions. Each division can
such as the development . the new ",BC System" function independently of the others since all
for loading ammunitiop t-mponents into the P lD)R/ services and functional specialties are dup-
NSMDR, even status quo is a non-static condi- licated in each division. This type of decen-
tion. The final report (Chapter 2) provides a tralization allows for management authority and
statement of the development of status quo from responsibility to be delegated to lower levels
prior to March 1977 to current condition subse- and, :hus, shorten lines of communications and
quent to the above actions, or effectively sub- help eliminate bottlenecks. Ilewevo., if an
sequent to October 1977. organization has too many division., management

control will be degraded, and ineffikienyZ
f. The four alternatives, iNcluding status results because of duplication of effort, etc.

quo, are then nnalysed In Chapters 3 and 4. When carried to either cytrc,., .): -traizatjon
This was done by onalyzing, in Chapter 3, status or decentralization, the disadvart.,. ,itweigh
quo as the basic c..nditton/alignment. Tho the advantages; therefore, there is an optimum
remainilg options weie then analyzed, in C.apter number of major divisions for any given .,rganiza- -
4, a! alternatives to ;tatur- quo. The analyses tion. This optimum point depends upon the %ize

and function of the organization.
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I- (2) Organizations may be decentralized production purposes, but production assets will
to provide physical dispersion of facilities not be recorded in Sectors 5, 6, or 8. If the
and/or services into different geographical or NICP's receive a demand (MIPR, FNIS, or POR) for
functional areas. Decentralization through industrial _)mponents, DRSAR-PD will provide
dispersion of facilities and/or personnel may the necessary documentation to transfer the
irovide the same advantages and disadvantages stock into the NICP account, and process the
discussed in lb(l) above. Additionally, this customer demand through the CCSS. If the
type of decentralization can ;horten supply industrial component is not recorded in the
and/or communication lines to the customers. NSVIDR, and the comand elects to supply the

items, DRSAR-ID will add the items to the NSNIDR
(3) Organizational decentralization and process as above.

may divide the organization into functional
elements. Ihis type of decentralization pro- c. The organization of IIQ, ARRCOM for item
vides the same advantages and disadvantages management is basically decentralized through
distussed in paragraph lb(1) above. Addition- all the types of decentralization discussed in
all,, since all like functions would be per- paragraph I above.
formed in one element, division or directorate,
a high degree of specialization can develop in (1) The forma,on (f two NTCP'-, one
the functional areas or in the expertise relate' for xtamunitlon and onc for weaports and qecond rv
to items/products. items, is the type of decentralization discussed

in paragraph lb(l) above. This deviation, i.e.,
_ c. A "mix" or combination of centralization establishing two NICP's in one Commodity Con-

and decentralization is conceded to be the most mand, was approved by the Department of the
practical and generally preferred alignment. Army.

11Q, AI1RC'Ig anztin (2) The physical dispersion of itm
managers into DRSAR-MA and DRSAR-QA is the type

a. Current inventory management of all of decentralization discussed in paragraph
items normally referred to as standard items is lb(2) above.
dcentralized, and is performed in two separate
NICP's, ):lSAR-DA (Conventional Amunition) and (3) The basic structure of the head-
DRS\RNZ-H (Weapons). This decentralization, quarters is the type of functional decentrali-
wlhich is a deviation from required centralized zation discussed in paragraph lb(3) above.
integrated inventory management (AR -,10-1), %.,as
authorized by The Department of the Army. Attribute Analysi-.
Basically this was required because the Commod-

ity Command was directed by DOD to provide a. An attribute analysis was performed to
Single Management for most classes of conven- compare the present IIQ, ARRC04 organization for
tional armunition, for all armed services (e.g., inventory management and the alternatives dis-
Army, Air Force, Navy, and Marine Corp). This cussed in Chapter 4. The results of this
requires a different type of inventory manage- analysis are sumarized below.
ment than Centralized Integrated inventory Man-
agement directed by AR '10-1 for the Commodity Alt. rnative Weighted Score
Commands. Inventory M.rnagement of DRSAR-\A (APE)
and DRSAR-QA (FATE) item,, normally referred to Status Quo +24tistocked, btisdanual maaged snotsildeof the -2. oparilt Centralization .23as non-standard items (yet they are procured, A. Further Decentralization -28

stocked, stored and issued), is not only decen- Bl-1. Complete Centralization +18tralized but is manually managed outside of the B-2. Partial Centralization +23
NICP's and CCSS. This was authorized by ARMCOM t
Supplement 1, dated 16 October 1975, to AIC b. .,n attribute analysis is highly subjec- f
Regulation 702-2, dated 27 May 1966, Subject: tive and especially so if an attempt is made
Quality Assurance Inspection Equipment Design, to quantify the analysis in seeking to rate or
Supply, and Maintenance. This is in direct comparati'ely rank the alternatives. The attr-
conflict with AR 710-1, dated 29 August 1975, butes and performance factors utilized, the
Subject: Centralized inventory Management of %.cighting given to each, and the rating of the
The Army Supply System. Also, it was a cotnnand alternatives against these attributes are all
.!ocision that DRSAR-PD will inventory manage subject to personal interpretations. So much
industrial components that are not end-items so, in fact. that individual interpretations
within themselves and/or already inventory man- could not only alter, but indeed completely
aged by the NTCP's. DRSAR-PD is now in the pro- reverse the comparative rankings and results of

cess of loading these items to the PMDR and the the analysis. The attribute analysis performed
NS?&iDR. in this study represets the consensus of the

Primary t.,krking Group. The full listing of X
1). Via cormand also has a unique situa tion attributes and rating value are provided in

in supplying industrial components through the E;hibit 1, Attribute Alternative Analysis.
field service account (NICP's). 'these items are
production managed and controlled by DRSAR-PD. c. Though an attribute analysis is only -
They have also been recorded in the NS,4DR for appropriate as an indicator of relative strength
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of alternatives and not as the prime or singular (DRSAR-PD, QA and MA) keeps lines of comunic-
basis for a decision, results of the analysis tion between the inventory managers and other
strongly suggest that: personnel in the directorates as short as pos-

sible. External demands or interfaces with
(1) Further decentralization has such thece inventory managers is the exception

a low score that further consideration of the rather than the rule.

alternative is unwarranted.
c. Increased decentralization is not con-

(2) Partial centralization and total sidered to be a reasonable alternative because
centralization have very similar advantages/ this would cause unnecessary duplications and
disadvantages and strengths/weaknesses. However, increase overall complexity of operations,
the relative strengths or weaknesses of the interfaces, and lines of communications. Also,
advantages and disadvantages depend upon the decentralization of responsibility for item
degree of centralization and upon the size, type, management was cited as a pessible root problem
and mission of the organization. In this regard addressed by the study on Delivered-Unbilled
the analysis indicates that partial centraliza- V-pment Deficiencies. Thus, to advocate
tion is significantly preferable to total cen- further dec.. 'ralization is akin to advocating
rrali.ation. exacerbation of a basic problem, and further

deviation of regulatory requirements (AR 710-1).
(3) Status quo is the most desirable

alternative, with partial centralization being
nearly as desirable as status quo. d. Total centralization would cause num-

erous conflicting problems in operating a Corr-
Rationale. modity Command NICP under Centralized Integralcd

Inventory Management as directed by AR 710-1,

a. Tables I through 4 of Exhibit 2 previde and operating the Conventional Ammunition Single
a sumary of the major conditions, advantages, Manager (NICP) Concept as directed by 0) 
and disadvantages, of status quo and each of Directive 5160.65.
the alternatives as discussed in Chapters 3 and Ti

4. Total centralization is not practical due
to the difference in Centralized Inventory

b. Status quo after total implementation Management under the Commodity Command Concept,
(of SM, COCP, the ABC system, and of the recom- and Conventional Ammunition Single Manager DO)
nendations of the "Delivered-Unbilled" Task concept.
Force) would provide us with approximately 95%
of cu.tomer demand fill-and-bill through the The disadvantages of total centralization
CCSS. Although we could fill demands and bill (see Chapter 4) outweigh the advantages, and
through the CCSS, status quo would not provide the alternative is not preferred.
total integrated centralized inventory manage-
ment or a centralized data base of all assigned e. Partial centralization as described in
commodities. Status quo was obviously the most paragraph 3b(l)(e), Chapter 4, would provide
exp-ditious t cans of generating customer billing centralized inventory management in accordance
threugh the CCSs without affecting the existing with AR 710-1 .ar.d approved deviations, while
organizatio~ial structure, and/or resolving the providing a standard centralized accountable
disagreement and interpretations of the regula- system that would provide the command with a

tory requirements of Centralized Integrated tool to view all materials to perform the comn-
Inventory Management. Although current inven- mand's mission. llowever, this would be diffi-
tory management of all standard supply items is cult to achieve in the near term time frame,
deccitralized (in DRSAR-MM and DRSAR-DA), the because we do not now have a centralized or total 71
organizational alignment allows for a high degree data base of all items assigned to and/or man-
of inventory management speciali-atlon in these aged by this comand.functional areas. Inventory man, geaent of non-

standard items is Jecen' lized in other dir- Partial centralization as described in para-
ectorates. However, 1' .e items are generally graph 3b of Chapter 4 should provide improved
peculiar to a particular organization or func- item management of ATE and APE items because
tion and :--e not normally isuted through the this would place ii.ventory management respon- -'

standard supply system. Instead, these items sibility for these items in the areas with the
(APE, ;.";1, and industrial items and components greatest materiel management expertise. 10-4-
of production) are managed on an internal basis ever, there would be some inconvenience in
by the directorate to which the items are pecu- DRSAR-MA and DRSAR-QA because of the physical
liar. That is, inventory management in DRSAR-PIl. separation of the inventory management functions
DRSAR-MA, and DRSAR-QA is primarily an Inter- f--om the primary functional responsibhlitics
divisional service within these directorates and, Pirtial central'iat.on h.-, considerable merit and
lit the case of VRSAR-PD, not a separately iden- the advantages appear to outvcig the disadvan-
tiflable function which could be easily separated tages. The overall advantage cf " a!ternative
ot. Tnventory management In DRSAR-QA and MA is would depend upon:
a distinct funcrion, however. Having inventory "oIo managenen, internal to these directorates
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EXHIBIT I

ATTRIBUTE ALTEMIATIVE MALYSIS

RUAirIICAT-iO,- CO.".ARM SOil

Attribute Attribute FurthL- Status Quo rurther TotalQIA1irCT0JC:PlS;Description Weirht Decentral. (Current) ^cntral. Central.

1,2, or 3 2ank/VI _uel Rc,' VOlup Rank/Value Rank/Value

1. Managerent 3 -1 -3 1 3 1 3 2 6
Control

2. Item 3 -1 -3 0 0 1 3. 2 6
Control

3. Standard 3 -2 -6 1 3 1 3 2 6
Procedures

4. Inventory 2 -2 -6 0 0 1 2 2 4
Managemrent

5. Cost 2 -1 -2 2 4 1 2 -2 -4

6. Reorgani- 2 -1 -2 2 4 1 2 -2 -4
zation

7. Personiel 2 -1 -2 1 2 1 2 1 2

8. Expertise 2 2 4 1 2 0 0 -i -2

9. Turmoil 2 -1 -2 2 4 1 2 -2 -4

10. Training 2 -1 -2 1 2 1 2 2 4

I]. Coordination 1 -2 -2 0 0 1 1 2 2 1

12. Duplications 1 -2 -2 0 0 1 1 2 2

TOTAL VALUE 25 -28 124 +23 -+18

EIGHT SCALE RANKING SCALE TOTAl. VALUE RA'iE
5-Critical +2Enhances .o HIigh ( egree (2.S1) x (t2FR)= +5 lax.
2=Important +l-Enhances Attribute (25!;) x (-2R)= -50 Min.
1=Desirable O=Neutra1 or Does Not "Value" Range= 10 -

OMNot Important Possess Attribute Points

-lHinders Attrib.e
-2=Hinders to high Degree
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(1)F How much improvemecnt in item man- d. Partial centralization (Alternative
agement of PATH and APE items could be obtained 8-2) involving FATE, APE, and those industriak
by centralization into the N!CP. This in turn comaponents of production which are supplied to
would depend upon the efficiency of the star.- customers, would satisfy regulatory requirement,;
,lard NUT i ter management procedures/systems (AR 710-1) for Centralized Inventory Nanagenaert
applied to the items. Simply transferring the This alternative compares favorably with status
functions and/or pe ,raonnel with no change in quo, and rates highest as a potential goal for
-currenit p~rocedures, clearly, would provide the longer term.
little' improvement or advantage.

(2) [low much DRSAR-MA and DRSAR-QA
w~ould be inconvenienced by the physical separa-
tion of their inventory managers. Thiis would
depend upon how much coordination with the NICP
personnel would be required, etc.

(31 Hlow much cost would be involved in
entering these low-demand itemis in the NSNN'DR
and carrying :h'-- in the "inventory."

f. Regardless of the comparative advantages
.nd disadvantaxges of centralization as discussed
in this study, consideration must be given to
the IepartnenL, oe Army decision that Comiodity
Commnands would organize and manage assigned con-
-modities within an I4TCP structure aind utilizing
centralized integrated inventory management
(AR 710-1). The fol lowing must also be con-
sidered:

(1) ARRCOM Supplemient I (dated
16 October 1975) to DARCW4R 702-2 (dated
27 May 1966), Inspection E~quipment Design,
Supply and Mainte'nance; which provides for
i DRSAR-QA and PRS:V--MA inventory management ;t'
lATF and APE items external to the NICP. Thit.
appears to conflict with requirements of Art
7l6-l (dated 29 August 1975), Centralized
integrated Inventory Management.

(2) Ilie implementation of DOD Directive
1,160.65, Single Mlanager for Conventional Amuni-
tP.,:.. which established DRSAR-l)A as a second
N ICP -.. IQ, ARflCOe; i.e. , separate from the

.a. Tht! advantages and disadvantages of
centralization versus decentralization depend
upon the size and function of an organization
and how it is to be centralized or decentralized
(e.g., by function, by it /product line, by

-. Igeographic or physical '. tion, by customer
served, etc.).

b. Neithe: extreme, further decentraliza-

tion nor total centralization, is practical.

c_ The present (Status Qio) organizational
structure of [IQ, ARRCON provildes rmy advantages
over the two extreme alternatives (A and B-I)
considered, and apparently works well the
majority o; the time. Statub quo assumes full
Implenentation 'if 4.1, of the COCP and ABS system,
and of 'he 'Delivered-lUnbiIled" study reco~enda-
tions; -.id rates hightest ror the near term.
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EXHI6IT 2
SUMMARY OF ALTERNATIVES

"ABLE lb - Minimum automated item control.

- ossible increase in personnel requirements.

SUMMARY OF "STA"'US QUO"
TABLE 3b

ADVANTAGES

- CCSS for nulk of issue items, and standard SU1.4ARY OF "TOTAL CENTRALIZATION"
2 componentb. (NSInCDR Items)

- romotes individual item expertise. ADVANTAGES
- Responsibility keyed to specialization b-

functional use and items. - Maximua utilization of CCSS/ADP.
- Min-,cal retraining required in NICP's. - Consistency of procedures.
- Minimum personnel turbulence. - Unity of control/policies.
- Minimum reorganization. - Elimination of duplo.,'ation.
- Minimum procedural revisions. - Maximum cross-fertilization for IM's.
- !inimum cost impacts. - Shortest internal lines of -ommunications.

-Balance of internal and external lines of - Least overall training required.
communications. -- Improves regulatory compliance for integ,at-d

in, entory management.
D 1 SADVANTAGES

DISADVANTA~lS
- 1L performing sore "IM's" functions.

I'D performing so:.a "IM's" functions. - Maxim=m t,,--> (personnel).
Centroi t "oblems: - Maximum ieorganization.
• nterna. coordinations. - 14aximum cost to implement.
•Non-standard aocounability. - Maximum retraining (NICP's).
•Syiter-r-nect distribution. - Contrary to SM concept with establishment

- Training required for CCSS users outside of of DRSAR-DA).
IC?'s. - Reduces "specialization" (re:items).

i-luit i off-line procedures. - Magnitude unwieldly, blocks control.
- h rins some duplication. - Management "Layering" /Increase.

A - Longest external lines o- communication.
- Pssible increase in personnel requirements.

TABLE 2b TABLE 4 b

SUMARY OF "FURTHER DECFTRALIZATION" AE

ADVANTAGE9 SUMMARY OF "PARTIAL CENTRALIZATION"

- Maximum functicnal specialization by category ADVANTAGES
of items (micro efficiency).

- Less levels of management. - Reduce duplication.
- Procedures customized to missions. - More standardization of procedures.
- Individual responsibilities most identifiable. - Less fragmentation of IM's.

Shortest external lives of communication - Reduce CCSS training.
(with customers). - Reduce overall (internal/external) lines of

communicat ions.
Z):3ADVANTAGES - Increase utilization of CCSS/AL,.

- Improve unity of control/procodures.
- Maximum continuing training requirement. - Minimal reorganization.
- Most complex internal communications - Yinimal cost impacts.

(within HQ organization). - Minimal personnel turbuaance.
- Potential increase in duplication (admin-

Sltr-tion & supervision; MCN/NSN item DISADVANTAGES
assignments).

- Management control reduced. - Reduce specializetion (Re:items). 1 Vz
Reduces uniformity of policies. - ?D performing some "IM's" functions.

-Multi off-line procedures. - Some CCSS/IN training required outside of
- Minimtm standardization kof procedures. NICP's.

system, etc.). - Possible increase in personnel requirements.
- Contrary t . regulations on integrated - Retains some duplication.
commodity management. - Control problem: System-reject distribution.

- Control problems:
Non-standard accountability. _J
.System-reject distribution.

- 114 functions in many Direutorates.
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+I
CONCLUSIONS AND RECMIENDATIONS are received, and process the demands through

tile CCSS.

Discussion of Conclusions. (e) Industrial materials and componients
for production are managed (centralized) in

a. General. DRSAR-PD outside of the NICP's. This is pro-
duction management., and not integrated irven-

(i) Centralization (e.a.. of invntory tor.anagc.cnt pcr a6.
maniwelent functions, and the performing per-
son.0 ), *-v ordes the opportunity to standard- (f) The composite is deeentralizatior.
ize procedures, to improve efficiency by in-
creased use of ADP systema, to maintain (2) If assigned commodities are inventory

central control, and to provide management managed outside of the NICP, or a commodity
with a centralized asset and requiremenc pos- .,mmand has more than one NICP, integrated

oire within an acceptable time frame. m'ateriel inventory management, per see is de-
cent:,,.lz~d. (This is not to be confused with

(2) Some degree of centralization is re- centrali7ed ver.au:i decentralized methods of In-

qui 'ed; e.g., for inventories to be controlled tegrated Inventory M'anagement to be emoloyed by

at tile natonai (NTCP) level, the NICP's for each individual ite,, ' assigned
commodities, i.e., the option of author'J'ng

(3) Decentralization by delegation of local procurements on NICP items.)
authority to lower levels allows procedures and
/or systems to be customized to the needs of (3) In 110, ARRCOM only DRSAR-MM, DA, QA,

each organizational element and may shorten ard MA have assigned personnel performing for-

supply and/or communication lines for day-to- m&l integrated inventory management as their

iay operations, since management decisions primary job. All others have other primary

would be made at lower levels. Decentraliza- missions/functions, and any functions performed

tion also fosters the maintenance of organiza- which are related or similar to integrated in-

tionaly unique, local inventory records wit'.In ventory management (IC) functions are only

each organi.za on for maximum accessability at secondiry and in support of accomplishrent of

the lower levels, their primary responsibilities.

(11) Some degree of decentralization may be (a) APE and FATE items are procured,

required to prevent organizations from becoming stocked, stored and issued, through the loRis-

too large to be managed effectively. ties supply system, to Proving Grounds, Indus-

trial Plants (G0, GCO, and Commercial),
(5) Neither total centralization nor total Depots, FMS and MIPR's; though not in accord-

deuentr.lization is workable except, in rare ance with integrated Inventory Managcmernt/CCSS

situations. A "mix" is usually best. procedures.

b. In Terms of HQ. ARRCOM Structure. (b) Under Status Quo, DRSAR-Il might also
continue to "inventory manage" some items and

(M) The current structure of HQ, ARRCOM process them through the CCSS. Normally, these

for inventory management is a combination of are items that DRSAR-IL had agreed to supply on

centralized and decontralized organization. FMS cases, but for which an existing inventory

manager could not be located elsewhere in the

(a) Weapons, secondary items and related Command. Under some conditions the Command has

packaging materiels are managed (centralized) been directed by higher headquarters to supply

in DRSAR-NM, an NICP, under formal integrated FMS case items not managed by this Command.

inventory management procedures.
(c) Industrial material and components are

(b) Ammunition end items and related pack- production managed by DRSAR-PD and, to some
aging materiels are managed entralized) in iegree, some of the elements of integrated in-

DRSAR-DA, an NICP, under f, sal integrated in- ventory management are applied. DRSAR-PD has

ventory management procedures, recorded in the NSNIP? approximately 1,000 of
the approximately 10,000 industrial components

(c) APE items are managed (centrali?.ed) in and materials utilized in the production of

DRSAR-MA by a stand-alone system outside of the commodities (ammunition and weapons) assigned

NCP's; but under Status Quo (fully implemented) to this Command. These items are not normally

DRSAR-MA will formally inventory manage those issuable items or absigned an MSN or MCN, and

items for which customer demands are received, are minaged through production. The assets are
dproces the demands through the CCSS. not picked up in the NICP's accounts. These

items are not to be confu.,,d with weapons re-
(d) FATE items are managed (centralized) pair jarts, ammunition mintena ' , s r

in DRSAR-QA by another stand-alone system out ammunition industrial components that .... nd

Sof tie NICP's; but under Status Quo (fully items within themself (i.e., fuzes). These

inplementel) DRSAR-QA will formally inventor% later items are managed by the NICP'a. The

ranage those items for which customer demands in-strial eomporent3 now being loaded in the
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N.I1",[ Pv I RSAI-PD art, not be.n loaded for in- formed in an t4ICP. Forral inventory manage-

ntot y iurpssea, but are required to properly ment in an NICP involves full performance ,f

gnerate PWD's from the CCSS In support of the the six elements of integrated inventory
pr ,UCt ion management cycle. Also, under management within regulator'y requirements, and

status quo, DRSAR-PD will inventory manage includes worldwide assets knowledge and

thos, in,strial components fcr which customer accountability of field-issuable items from

derian,!. are received, and ,rocess the demands the field issue account. Production inventory

through the CCSS. management or stock control in DRSAR-PD, on
the other hand, involves procurement execution

(4) Such drastic measures aS abl3sh'rg to provide industrial materials and components

dlr'ectorateu and creatrng: new ones is neither' needed to meet authorized production ached-

necessary nor desirable. The positive e'fects ules. The inventory accountability of produc-
(advantages) cf total centralization could be tion stocks is -' -nd hy the prodtiction fee1 l-

aIpoximated simply by moving all formal ity. That is, DRSAR-PD primarily provides a
inventory management functions to DRSAB-MM and production/procurement execution function,
DRSAR-DA. Total centralization (i.e., merging not a stock, store and supply operation.

all inventory management into a single NICI) is Once items are assembled and accepted into the
impractical due to differences in accounting field service inventory, then an NICP inventory
u,,d processing for' centralized inventory man- manager becomes responsible, and I'P3AR-PD is

agement under the com:odity command concept no longer directly involved. Thus, moving the
(AR 710-I), and for' Single Manager conventional inventory management of Industrial components
ammunition under the DOD concept (DOD Dir. and supplies to an NICP would serve no useful
5160.65). DRSAR-DA need not be re-merged with
DRSAR-I5, and the continued separation provides purpose and, In fdc, would be a hinderance.

a means of effectively implcmenting DOD Dir. (7) Under either, Status Quo or artial

5160.65 (Sfi). Also, although DRSAR-PD has Centralization, if the Command makes a deci-
"Production anagers", they are per forming only slon to supply industrial components to cus-
a portion of the inventory management functions tomers (through the NICP's), it should be the
on a part-time basis, In support of the pro- responsibility of the NICP to inventory manage
ductJon mission, arid integral to their other the item in the NTCP account, including cata-
responsibilities. These pcrsonnel should not loging and recording the item in the NSNMDR if

tranisfer to the NICP's, and production indus- it has not been previously recorded. If it

trial materials should not be managed in the has been recorded, it should be tho NIPC's
NICP unless the item is sold or supply issued. responsibilitv for recording the proper NICP

inventory manager in the NSNMDR analyst code
(5) Movement of item managerrent functions (ANAL-CD) sector.

from DRSAR-PD to an NICP organization would
provide no significant benefit because other (8) To differentiate between normal
organizations generally do not require access supply items and industrial components in the

to their production inventory management data, NSNVMDR/CCSS, there should be a method/pro-
ard the production components and materials cedure provided to identify industrial com-
are not no'mally sold outside the command. ponents; and whether it is production managed

Additionally, this would physically separate only or if it is also being inventory managed

the production inventory data from the people by the NICP's. This could be accomplished by
who are normally the only ones who need access utilizing a one (1) position code in the ALFU
to it, and would increase the workload in the portion (last 5 positions) of Sector-G0 of the

NICP organizations. Industrial components are NSNMDR.
not procured, stocked and stored for issue
through the logistical supply system, although (9) Orders for non-standard, non-NICP

DRSAR-PD does procure and issue for MIS and items through FMS 3nd MIPR are not efficently

MIPR's on request. Industrial components are processed. The cause of this problem is

normally procured for tre production of end basically:
items, and are picked-up or the Production In-
dustrial Accounting System and not stocked for (a) These items are not recorded in the

issues through the logistical supply system. NSNMDR and therefore will not process through
the CCSS. Thus, they must first be loaded to

(6) DRSAR-PD manages the proourement the data base with an MCN (causing a delay of

execution and production of end items; and this up to two weeks), or processed off-line.

involves components breakout (requirements de-
termination for production), procurement execu- kb) There is a general lack of training,
tion/production direction for components and experience, and SOP's for sales of non-stand-
industrial supplies, and some form of stock ard items. Also, there is a general lack of

control or' scheduling to insure that these knowledge in interface areas; e.g., CCSS,
components and supplies are available at the cataloging, etc..

right place, at the right time, and in the
right quantities for LAP or final assembly.
However, this is not "inventory management" in
the same sense as Inventory management is per-
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--mrofCnluin Impacts.

a. Further decentralization is not a via- a. Facilities requirements will not s~u

increased personnel costs and reduced controls. fore, are not an impact factor.
Also, decentralization of responsibility was a

r nr Iron.....n, h*..r~~~nt~6 Ov.c.~0erall iit., huum personnei requir -tintbi, led", Task Force study. Thus, to advocate ments and average grade will not signiftean

for the decentralization is akin to advocating change as a result of any alternative.exacerbation of the basic problem, and con-
f'lict., with regulatory requirements for inte- c. Personnel actions (transfers) a-
grated inventory management of logistics supply Led with either of the preferred alternative ,
items (Alt 710-1). i.e., continuation of current alignment or pat'.

tial centralization, are not significant (esti-
b. Full centralization would result in mated at approximately 5 spaces).

naxinurn turmoil in organization, personnel and
coat, and is contrary t~o current DOD concepts d. Trainirng requirements associated witi
woich.rt-e,,ulter in, establishment of DRSAR-DA to either of the ')-eferroo alternatives (i.e.,
..ul po!-I SM , quirements. Total Centralization is Current Alignmeai and Pi-ia l Centralization)
not rcrsidvr(i to be a viable alternative, are commensurate with those renured under .-

plementation of the recommendationo at' the
a. It appears that the present organiza- "Delivered-Unbilled" Task Force.

tion benefits frcni both centralized inventory
mak~raemant of those standard items which re- e. Although cos.; impacts were indeternin-
quire central NICP control and from the decen- ate, the two preferred alternatives should be
tralization (physical dispersion into function- approximately equal to each other and ,igrifi-
al areas) of some personnel performing some cantly less than either of the extremes (i.e.,I iiventory management. functions for the manage- Total Centralization or 'otal Dccentraliziz-
ment of industrial traterielr, tools-of-the- tion). Loading and maintaining additiot -l
trade used Int prcductilon, and related support items in the 1NSNMDR, and trainivg in C( .
I tem.'. cedures will be the two most sgilat~~

Impacts.
d. As indicated in Chapter 5, continua- --

tion of the current (Status Quo) ARRCOM organ- Recommendations, a. Retain present 110,
ization for Inventory management is the most ARRCOM organizational structure overall, spec:-
viable near-term alternative. It Is noted ifically continuing current alignment for ma-
that the concept of this alternative assumes ernal management.

- total inplementation of the approved recommen-
dations of the 'Delivered-Unbilled Shipments b. Transfer DRSAR-PD industrial compon-
Deficiencies" study. This has not occurred as ents to DRSAR-Ml and DRSAR-DA, as appropriate,
yet. The concept also assumes full implemen- only for management of sales/demands or at. ?rt-
tai oni (, COCI', the ABC system, and SM quired for Renovation.
(OPS04M-p). Wi~len fully Implemented, the cur-
rent alignment will provide an estimated 95% c. Retain management of DRSAR-PD Indus-
n o Om'dfd fill-dfld-bill through the CCSS. It trial components in DRSAR-PD for all "Produe-
wil'l not provide for centralized accountabil- tion" inventories.
ity or a '^entralized data base of all items
assigned this Command to inventory manage d. Assign NICP inventory managers to
throicgh the lJICP 's. manage any FATE or APE items end industrial

components supplied through the IJICP's.
e. Partial Centralized Inventory Manage-

ment, is described in Chiapter 4~ paragraph 3b e. Record, with MCN/NSN, all FATE and AP6
MW(e and required YARl 710.-1 (with approved items into the NSNMDR, including appropr-'ate

deviations), has hi, potential for the long storage tocations data, as "demands" are rf--I.term. Although P-r.t'tal Centralization might celved.
be our- goal, we should continue uinder the cur-
rent alignment until inventory managers could (1) Initiate action to correct, with the -Ibe properly trained or replaced to perform he assignted HCM~hStJ, any records ootside of tlv
requirements. At the present there should he Ccmmand, (e.g., TM's, su,,p~y bulletins, et(,.),
a continuous exerted effort to get all 'de-
mand" items assigned an MCN and recorded in (2) Establish regula',ory loan proceduret,
the NS?;HDR. This -would minimize subsequent for FATE and APE items on loan and returnab'"
transition efforts for moving all supply/issu- with accountability through CCSS.

ance items urder the control of the lNICP'a.
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f. DRSAR-TL should under no circumstances cases and MIPR's to insure that this Ce%,nand
be recorded or act as Inventory Manager for any is not buying, for resale, items which are
item (no NICN/NSN actions by DRSAR-IL). managed (as PICA) by another Connand.

(1) I)RSAR-TI. should "clear" themselves i. Clarification of AR 710-1 should be
of all previously "loaded" (approximately 300) obtained in the question of the application
item responsihility, transferring all items to of formal Integrated Inventory Management
DRSAR-NH and DRSAR-DA as appropriate. (NICP) to "industrial" items.

(2) DRSAR-IL should henceforth offer/ j. Fully implement the approved recommen-
accept and handle, in cases, only. items assigned dations of the study on "Delivered-Unbilled
to this connond, unless speci fha'lly directed by Shipments Deficiencies," including full imple-
higher headquarters, and then process these mentation of the COCP.
"non-ARI1CO-assigned" items manually off- 1 inc.

k. Partial centralization, as described in
g. Standard procedures should be developed paragraph 3b(l)(e), Chapter 4, should be con-

for all item managers regardless of location sidered for separate future study subsequent to
throughout the Command. "fully implemented" actions under current align-

meat. This future study, if performed, should

(1) CCSS procedures, when applicable, specifically address:
must be adhered to.

(1) Transfer of personnel and items
(2) Very specific standard procedures into the appropriate NICP to bring all formal

should be developed for non-standard items, inventory management into the CCSS and NICP
especially those which do not have NSN's or Centralized Inventory Management environment.jMCN's, which are being sold through DRSAR-Il.
and MIPR's. (a) Transfer DRSAR-MA's APE

Inventory Management (items and personnel) to
(3) Establish and enforce standard pro- DRSAR-DA.

cedures for all "off-line" (manual and non-CCSS)
transactions. Cb) Transfer DRSAR-QA's FATE

Inventory Ma3nagement (items and personnel) to
(4) Process all "non-standard items DRSAR-41 and DRSAR-DA as appropriate.

off-line unless the item has been assigned an
MCNINSN and properly loaded to the NSNMDR. (2) Definitive evaluation of staffing

requirements for DRSAR-M4 and DRSAR-DA.
(5) Provide guidance, procedures, and

training of all item managers for processing
sales transactions, especially for managers of
non-standard items.

(6) All formal item cataloging should
be accomplished by either DRSAR-4M or DRSAR-DA,
as appropriate, in coordination with DRSAR-MA
(for initiation and approval of DRSAR Form 19's
when required).

(7) All MCN assignments should be clear-
ed through, and all new NSN's should be requested
by, )RSAR-%M in coordination with DRSAR-MA.

h. No customer demand (Army external)
orders will be processed for any item for which
ARRCOM is not or cannot be assigned as PICA, or
upless ARRCOM is the SICA and has received for-
mal procuring authority for the item.

(I) Cease customer order acceptance,
procurement, and sales of items not assigned to
ARRCOIM, unless specifically directed by higher
authority; and then process these items manually
off-line when acceptance is directed. Specifical-
ly cease all sales/management of other PICA's
items.

(2) A thorough screening through DLSC
should be accomplished on all items for FMS
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EXHIBIT 3

SUMMARY OF LITERATURE REVIEW

Sunmary of Literary Review Conducted Concerning organization of this headquarters, i.e., furr-
the Relative Advantages and Disadvantages of tional directorates.
Centrelization and Decentralization(l).

6. There exists a disparity on terms Lmog
PROBINtL: lo determine the relative advantages the texts on the terms centralization/deceitra-
and disadvantages of centralization and decen- lization in that centralization of functions is
tralization in organizations similar to [IQ, decentralization of management and decentraliza-
A, RCOM. tion of functions can be centralization of

activities. This was resolved in context of
DISCUSSION: the study. The study group charter dealt with

centralization/decentralization of item/inven-
1. The literature listed at TAB A was tory manageanvfit or functions, thus only those

reviesed for discussion of the above subject. items relative to centralization or decentrali-
zation of functions were considered. The

2. [he uverall management organization for delegated authority to accomplish the function
industry was basically divided into three is considervd inherent with the function.
categori es:

7. The degree of centralization can and
(a) Line-organization or centralized, usually does vary iithin industry depending

In this organization the line of authority upon objectives of the company, its size, etc.
passes directly from the boss to the "arious An example often cited was the accounting sec-
subordinate executives of various activities tion, which is usually centralized regardless
to the lowest level. The flow of the instruc- of the decentralization of the rest of the
rion or authority can be traced, unbroken, from functions.
the lowest level to the boss. This is used in
small businesses. 8. Most authors dismissed the extremes of

centralization/decentralization summarily as
(b) Functional organization or decen- unworkable in all but rare cases. Tie exception

traiized. Managerial activities are divided so being total centralization of functions within
that each head, from the assistant superinten- small businesses.
dent on down, has as few functions as possible
and is able to become a specialist in these. 9. The basic advantages listed for cea-
Authority from top on down is delegated accord- tralization were as follows:
ing to function.,. 'The worker level takes orders
from several supervisors in regard to the par- .. Duplication of functions is minimized
ticular function over which the supervisor has or eliminated, since all like-type functions aie
contro, centralized, and generally only one agency or

staff section performs a given function.
(c) Line-staff organization or partial

decentralization. Functional staff departments b. Performance or non-performance of
are established to advise, serve, and work duties is easily traced. Only one section per-
through line foremen as well as the organiza- forms a function, thus the results are readily
rion. Ihe line of authority flows through the identified.
staff from top to bottom; however, this is clear
cut and undivided delegation of authority. This c. System discipline (ADP or manual)
is the overall organization of IIQ, ARRCOM. is easily maintained. One supervisor insures

consistency of operation.
3. 'The organization - the staff section is

further classified as ct :ralized and decen- d. There is unity of control over a
tralized by function, function. There are no overlapping responsi-

bilities.
4. In the simplest sense of centralization,

only one staff will perform a given function e. Fastest overall reaction to a giveisuch as research, inventory, (.c.. This staff problem. Since only one staff agency has to

may be subdivided by project oi :peciality field; react to a functional area, the time lost in
however, all these functions for the organization coordination is eliminated. The priority of a
will be in one staff agency. project is consistent in the staff.

5. In the simplest form of decentralization, f. Most efficient use of V'W capability
ouch staff agency will perform all functions as The computer summarizes and wore,. .-,g , batches
they pertain to the overall antivity of that of data and prepares fewer reports. Less intr-
staff a-ency. This more closely fits the cvrrent nal routing and less print time.
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_ g. 1T1c vohume justifies hiring spe- be developea and debugged in one staff agency
- - scialists at the higher level of staff functions, prior to full implementation agency wide.
# [. but allows the hiring of less specialized per-
Ssonnel at lower levels as they have the guidance f . The organization is better able to

and constant supervision of a specialist. adapt to the absence of an individual.

|h. More talented personnel are easily g. Decisions are placed at a lower
,. identified as itieir contribution to tihe overall level closer to the situation.effort is easily identified.,

h. Problems can be identified by pro-
[10. The disadvantages to centralization duct and are less apt to affect the total orga-

i~!were as follows: nization.A

Ia. Thecre is a lack of specialization 12. Thae disadvantages listed for decen- J

at the lower levels as each staff element must tralization were as follows:
perform the same function on a wide variety of
conditions. a. Difficult to enforce system dis-

[ cipline.

emphasis on several projects. T1here is a ten- b. Overlapping managerial responsi
deney to rank projects within a single agency. bilities can develop into internal problem with

adverse effect ait the production level (or too
c. Managers are overladen with matters many bosses).

that require their personal attention. All
Einquiries come to a single agency and must be c. Functions are duplicated in eachX

reacted to individually. staff.

i[d. Mlanagerial ability is not as well d. Coordination of tihe overall effort

Sdeveloped at lower levels. Sinze direction is can be difficult at the top level due to the
unified in a staff section, th~e capabilit> of numaber of staff agencies that must be dealt with.
lower managers is overshadowed by that of the
staff chief. e. It is difficult to fix responsibil-ity for poor performance at the functional level

e. Limited depth of operation. The because many people may be performing identical
loss or absence of an individa anhv functions.

broader effect in the organization.
o f. Not as responsive to general func-

f. Greater development of bureaucracy. tional problems .
[ A centralized staff tends to develop layers of

Smanagers due to its slicer size. g. M1anagement not as consistent as
~centralized procedures.

[g. Does not fully utilize the capabil-
ities of ADP equipment. Computers are capable 13. Thec overall conclusion of most texts

! of sorting and manipulating data into small was that decentralized operations were the

specialized areas. 'This capability is not nor- most effective and efficient. ADP becomes cs-
mally utilized in centralized staff agencies. sentia] in z, decentralized operation to allow

timely responses to a condition or, as stated
- 11. Thei basic advantages listed of decen- in Murdick and Ross in reference to computerized
[tralization were as fol!ows: system, "It is this centralized control that

permits decentralized operations."(8)
a. Allows for more specialization at

t he lwrevluine ju hstf firn se-edvonn dbge i n tafaec

performs a function as it relates to their area
of responsibility, specialization can develop.

Fn b. anagers develop broader abilities
as they manage several functions.

c. Equal priority can be given multiple

Y projects.
0 d. anagers have more first-hand know-

Sledge of problems. inor problems are easier
a to identify as the staff agency has a function

only as it applies to thea..em

e . Greater probability of innovation pro-
cydurt being deeloped. withre procedures can
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~AFLC'S NEW CONCEPT 1N MANNING CENTRAL PROCUREM4ENT ACTIVITIES

by

H4AJOR ROBERT A. HIUBER, AIR FORCE LOGISTICS COI.AWh)

4141

CAPTAIN LLOYD T. UATTS, JR., AIR FORCE LOGISTICS CO4AIIO

INTRODUCTION

In tile last half of 197b, a new requirements were developed by
zyseili for determining procurement virtue of a formula that was predomi-
wanpower requireuents was employed nantly drivcn by the dollar value of
within five Air Force Logistics past contract awards. Hence, the
Comtan4 (AFLCQ cetral procurement larger the dollar volume of experi-
activitie., tocaled at AFLC's Air enced business, the greater re
Logistics Centers (ALCs). This manpower requirement for the future.
procurelAlclL manpower management This procedure was defici.nt for
system, iKuoWn by its computer program several reasons. First, it was
identi[ier, "Eu4l," was developed and reactive - not forward looking. For
employed to accomplish three goals: example, in FY I" procurement was
(1) forecast manpower to reflect both manned on FY 14 e, erience, not on
workload fluctuations and policy and forecasts for FY .. workload.
procedural chaniges within the procure- Second, the contracts that consumed
ment environment; (2) provide data on procurement's time due to volume,
the effectivelless of personnel in technical complexity, or because of
awaruing contracts; and, (3) be negotiation difficulties often had
of practical use LO managers who relatively low dollar price Lags
are not statisticians or manpower which precluded their being given
specialists. AiLhough these three proportionate consideration in the
objectives were worthy unto them- manning formula. An additional
selves, the nai'i thrust behind E841's defect of the previous manning
uCvelopl.ent was to answer the ques- methouology was Lhat management had
tion, "flow m.any people dtoes it take to no way to determine whether -heir
do Lhe procurement job in AFLC?" This people were performing effictently;
was io simple questioni that is, considering the volume and

complexity of workload, how did
The pI ocuremezit activities within contract output relate to urrent-iAFI.C obligated 3.U billion in FY 76 manning?
to buy supplies anu services for the

Air Force, other government activi- The initial impetus to develop a
ties. and for those foreign govern- system to enable procurement to
ments participating in the Security match hours spent with contractsAssistarce Program. The E841 system written was AFR 21-9, Air Force
hdu a r'eal job ahead of it - to Participation in the Defense Inte-determine the necessary number of grated Management Engineering Systems

procurement specialists for this (DIPES) Program, which dealt with DOD
multi-billion dollar workload. If productivity. On 5 July 1974, the
successful, it would '.an that AFLC Deputy Chief of Staff for
"paper-pushers" coul manage man- Procurement and Production gave the

power using produc:i.i management Warner Robins AI' Procurement Direc-
techniques long ago develcped for tor the responsibility for developing
manufacturing concerns. Subjective an internal management system to

judgments and negotiations would no achieve the objectives under AFR 25-9
longer be the only way to arrive at and to strengthen the credibility of
manpower requirements for support procurement's manpower requirements
and service organizations. computation through the use of a

logical, auditable methodology. The

personnel responsible for the effortsI BACKGROUND to attain Lhise objQ. Live_ w- -0
Mr. Paul Jarrett, Mr. Sam .qu,,., r
Mr. Bill Bennett, and Mr. Ray Benefield,

Prior to Ed4, procurement manpower all from WR-ALC Procurement, and
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Mr. Harvey Brown from the WR-ALC submitted by the procurement buyers

Management Engineering Team. are periodically validAtod. For
inlstance, each buyer Lm provided

Initial testing of the newly developed with criteria as to when and how
Eb41 system was completed in June the various complexity factors are
1975, with Command implementation to be applied. Audits by Headquarters
during August. The original objec- procurement personnel insure that
tiVes were expanded during development these criteria are applied consis-
of the program to emphasize measure- tently across the Command. The
ment of personnel efficiency in standards themselves are also
awarding contracts and to reflect audited by the Management Engineering
workload fluctuations and changes in Teams, in conjunction with procure-
procurement policies and procedures. ment personnel, to insure that

the current procurement environment
is realistically reflected. The

SYSTEM FUNDAMENTALS results of this program accomplish
the end for which it was designed -

the identification of actual manpower
To be responsive to the AFLC procure- requirements to accomplish the
ment environment, the manpower system procurement workload.
was tied to the heart of procurement's
business, that is; the type of con- The new system also makes performance
tract issued and the unique tasks measurement possible thcough compari-
involved with each award. The "tool" son of the standard hours that a
used to accomplish this was a matrix buyer, section, branch, etc.,
from which buyers could select one of actually earns to total available
23 different contract types and up to hours. For instance, if tasks were
55 different complexity variables to accomplished in less than standard
describe the events that occurred hours, the accomplishments would
during the awarding of a contract. An reflect efficiency or vice .%rsa.
example of the form with which buyers An analysis of this efficiency can
reflect these choices is shown in lead to understanding the effects of
Figure 1. Detailed time standards workload cycles, policy and procedure
were developed for each basic contract changes, absenteeism, and numerous
type a-nd each complexity element by other factors on contract output.
the AFLC Management Engineering Teams,
in conjunction with procurement
personnel. These standards are tihe ADVANTAGES/DISADVANTAGES

vehicle for translating procurement
activity into earned man-hours and are
the first of three variables necessary The principle advantage of the new
for determining future procurement svstem versus the old has already
manpower requirements. The second been discussed - the new system
variable is a 2ries of correlation matches manpower to the projected
factors which are the ratios of each volume and complexity of procurement's
of the 23 ccntract types to the total business rather than to an unrealistic
number of purchase requests received indicator, such as past contract
during the previous 12 months. dollars. A second advantage is its
Procurement's expected number of common-sense useability by manage-
contracts is then forecast by applying ment. For instance, by highlighting
these correlation factors (ratios) peculiarities in contracting tech-
to the third variable, the expected niques (complexity elements), the
volume of future purchase requests. system can indicate to managers that
The final step in the process is to one organizational subdivision may
multiply the expected number of con- be eliminating steps or procedures
tracts by variable #1, the historical that another is accomplishing. This
standards for each contract type. The visibility could lead to new,
outcome of this process gives procure- improved procedures or possibly to
ment managers a d.rect manpower corrections of deficient procurement
requirement developed from the com- practices.
plexity and volume of their actual

business. The new system also enables manage-
ment ro aujust their manpower fore-
casts based on knowledge of workload

To maintain the reliability of the or procurement policy changes. If a
system, the detailed standards that procurement policy change affects
drive E841 and the workload data the complexity of placing con-
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tracts, a new complexity eleieuit. can pvrsoniel to input anti ini.orprct
be auded to the ;y.ysteM, or the scan- workload data and to maintain the
uara hours for an old complexity accuracy and reliability of the
eiei,ent can be ca .nged to reflect the system. In addition to resource
new cevelopments. If a manager knows expense, criticism of E641 has been
or Zuture workload changes, such as directed towards its self-adjustment
major shifts from initial provisioning feature for manpower efficiency
to replenishment spares buying, he/she wich, some claim, tends to restrict
-an transfer the manning requirements it"ovation. As labor efficiency
from areas with decreasing activity increases, the E341 system proportion-
to tnose with increasi-ig activity acely reduces future requirements
by aujusLing the affected correlation based on the premise that it should
factors, take less people to accomplish

the forecasted workload. Thus, any
Mana .,nent caui also make direct innovativeness that results in
additives to this system if a peculiar increased output will also result in
situation is not covered by any decreased man;ower. However, this
existing standard. For instance, when crit:cism is inherent in any system
tne manpower manager.enL system itself chat recognizes efficiency because
was developed, an additive was allowed it i, a simple fact chat an efficient
for one person to manage the day-to- wirk force c a output more work than
• uay operations of the system on a an inefficient one. The job of
full-tiame basis. Of course, all =ccviding labor incentives rests
suc: changes to the Eb41 must be with managementi and is not really a
cooruinated through both thl AFLC valid criter' a by which the success
Deputy Chiefs of Staff for Procure- or failure of a manpower management
ment and for Personnel before implemen- system can be judged. Notwithstand-
t-ition. ing these disadivantages, the positive

aspects of E841 experieniced during
A final advantage of Eo4l is that FY 76 and FY 77 far outweighed
it provides descriptive workload Lhe negative.informtion at all organizational

levels to aid management in its
man., personnel decisions. For exam- UTILIZATION
ple. :1o.4i can provide data that will
allow a comparison to bu made between
the complexity of tasks in an organiza- During Fiscal Year 1976, E,41 faced
Lion, and the skill levels of the its initial -practical applica-
people actually accomplishing the cion, and was, therefore, first
tasks. This information is useful in subjected to the scrutiny of manpower
determining whether one organization and personnel specialists and the
is effectively employing its personnel parechial interests of other organiza-
in comparison to similar organiza- tio's as they competed for limited
Lions. The conclusion is chat what- manpower authorizations. During
ever management perceives as its these manipower computations, Eb4l
particular uniqueness, the Eb4l redefined procurement requirements
provides a way of considering this for the five central procurement
uniqueness in determining procurement activities by identifying some 70
manpower requirements, and in deter- excess manpower authorizations.
mining the efficiency of assigned This refinement was due to EU41's
procurement resources, tight correlation between manpower

and the volume and complexity of
A discussion of the disadvantages of procurement's forecasted workload.
the new E641 system primarily centers The fact: that these reductions were
on the resource expense in forecasting offered without the dictates of the
requirements. The old manpower AFLC Deputy Chief of Staff for
deterniining system employed a formula Personnel, who recommends the alloca-
that required only the input of tion of all manning authoriza-
several variables - dollars, line cions, gave weiplFt to the credibility
items, and actions - before manpower of the system at its inception.
needs could be forecasted. These Since then, the E841 computations
values were retrieved from allied have demonstrated objectiveness by
computer systems and did not require not only decreasing requirements but
any significant procurement involve- also adding them when procure-
ment. Forecasting manpower under the menc's on-board strength did not
E841 system, however, requires the equate to its projected workload.
direct participation of procurement
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During FY 78, the five ALC central The Academy's productivity measure-
procurement directorates will be ment went beyond simply dividing
manned at approximately 927. of their total contract instruments by total
projected requirements. Although this as-igned personnel. The study
is less thait full manning, :he reduc- recommended that the contract instru-
tioa was predicated on a fair share of ment output be subjectively weighted

f the FY /U President's budget cut which by the following five ccmplication
was spread among all organizations, factors (all tied to the DD 350):
Eve: with these reductions, procure- kind of procurement. co-rract place-
met't will enjoy manning at a higher ment, the extent of competition,
percentage of its requirements than certified cost or pricing data, and
the other major logistics organiza- type of contract. Several weak-
riots within AFLC. nesses are apparent in using this

anproach to compute AFLC procure-
Another indication of E841's effec- ment productivit7. First, the
hiveness is the 102.2% command-wide p.-:'uetivity measure includes overly
e'ficiency measurement for the central simplified co|e.7Lication factors to
procu:eent buying organizations describe the differences in procure-
durinig F 77. This is to say that the ment complexity fron contract to
AFLC buyers are earning very close to contract. Second, it subjcc*ielv
tnose hours anticipated under the weights the complication factors to
Cetailed time standards. Efficiencies determine the magnitude of complexity
signif'cantly under 100. would have of overall output and rhiro, it
shown that the contract standards were treats all purchases under $i0,000

andercut ctng the hours that were (which represent 90%/ of AFLC's
realli reqn--2d to award contracts, central procurement contracts)
while efficiencies significantly above as being basically identical. Tile
lJ!O. e ulu have shown uiat the scan- EL34L data base may offer an oppor-
darts were overshooting requirements. tunity to eliminate these weaknesses.
Bec:..as the standards appeared to First, the detailed E641 work
accurately reflect the workload standards - both by type instrument
experienced during FY 77, the con- and by complexity element - offer an
;'s )n was drawn that the Eb4l system objective way of evaluating output.

I cv.ded a firm found-.tion from which That is, output by the type of
ouild FY 76 and later procurement contract written could be weighted

r.'npawar needs, objectively by the respective earned
complexity hours rather than a
subjective complexity racing.

PRODUCTIVITY INTERFACE Second, the 55 complexity elements
would enable a much more accurate

r assessment of the actual contracting
In addition to ,tsing E841 to forecast difficulties than the Eive general
r.rocurement man c,rec requirements categories used in the Academy
and to manage manpower at the Air sLady. Finally, the EU41 data
Logistics Centtrs, the Pctential includes detailed complexity measure-
exists fo" its use in productivity rent for all procurements, not
m.sasuremen,. Productivity, in this i; .t those over $10,000. so the
context, is the ratio b.-ween organi- ou:put measure would be much more
zational output and input during a comirehensive undrr E841 than the
parricunr period. Academy study.

The concept of measuring procurement Although Ed41 appears to be able to
productivity is not r w. For example, improve the methods employed in the
in 1974, an Air Fort Academy study of Air Force Academy effort, it may also
USAF procurement r:o. ctivity (USAFA- i ttroduce irs o r peculiar deficien-
TR-74-9) used completed contract cies into procurement productivityt instruments as organizational output measurement. The unresolved issues
and assigned pcrsonnel as input, that would require analysis and
Because of its similarity to the decisions before a modification to
initial attempts by AFLC to measure ch, current E841 system was warranted
prc:urement productivity in 1975, the include: Mhat new errors would be
Academy study is used as a point of introduced into the productivity
reference for addressing the possib e analysi3? What levels of org3nization
adaptability of E841 to future prodc- would be affected b.: the r-., - "enent
tivity measurement. process? What costs would be : ed

in the data processing systens? To
whom would the productivity meAsurement|
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be of value?

SUMMARY

E841 has enjoyed considerable success
and has earned the r'onfidence of both
procurement specialists and manpower
analysts alike. It has met its
original goals and hau provided
procurement managers with a unique
tool that is highly responsive to
th fluctuations in workload volume
and -omplexity, and to procurement
policy changes as well. More impor-
tantly, it provides an accurate and
current answer to the question of how
many people does it take to accomplish
the central procurement tasks within
AFLC. However, beyond all these
attainments, E841 loons as a pioneer
effort into quantifying manpower
management in support activities that
are not hardware output oriented. It
is this achievement that has the
magnetic appeal to draw other s taff-I or support organizations into similar
systems. With Government's ever
watchful eye on personnel expendi-
tures, the E841 system may provide a
significant insight into organiza-
tional effectiveness and efficiency
and thus could eventually prove more
valuable than first anticipated.

A
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PURCHASING PERFORMANCE: MEASUREMENT AND CONTROL
Dr. Robert M. Monczka and Dr. Phillip L. Carter

Michigan State University

OVERVIEW their organizations. Firms from the automo-
tive, aerospace, appliance, computer, chemical

More than tvo hundred managers and buyers from and electronics industries were included in

eighteen leading private/public organizations the survey as well as five public organiza-
were intcrviewed and more than two hundred put- tions at the federal level. Purchasing mana-
chasing performance measures were identified in gers at all levels of the organization were
thio survey. Thirteen categories were estab- interviewed.

liahed for the purchasing performance measures:
(1) price .ffectiveness, (2) cost savings, (3) DATA COLLECTION

wmrkload,() administration and control, (5)
efficlency, (6) vendor quality and delivery, Four questionnaires were used to collect quan-
(7) i,.terial flow control, (8) regulatory/ titative and qualitative data about the organ-

aocitn±.'oironentl, 9) rocuemet pan-izations, the purchasing departtnent, zhe pur-ning and rcsearch, (10) competition, (11) in- chasing measurement systems in uso, and user
ventory, (12) transportation, and (13) purchas- perceptions of the measures. Questionnaire I
Ing procedure audits, obtained data about the organization, iuclud-

ing products sold; products purchased; numbers
tmportant differences were found in how the of people in the organization and in purchas-

participating organizations measured perform- ing; the purchasing measurement system; and
ante in each of these key areas. UseS/bene- who received what measures, how often, andIn
fits, inadequacies/limitations, negative/dys- what form.
fuinctional behaviors, and improvements asso-

Iciated with the measures are discussed. Sta- Questionnaire 11 was used to collect data

tistical analyses of the research data revealed about the respondents' purchasing responsibil
significant differences in the perceived use- ities and environment, and about the purchas-

dvalidity of various purchasing ing measures he/she used. Questionnaires III

measures within and among the participating or- and IV were used to collect detailed data
ganizations. about the purchasing measures used by the re-

spondent. Respondents were asked to rate each

measure along thirteen dimensions. The dimen-

PPA Ctions were: (1) accuracy; (2) rimellness;
PURCHASING PERFoRMANcE: MEASU'REMENTAND CONTROL (3) validity; (4) understandabilty; (5) cor-

parability from reporting period to reporting
INTRODUCTION period; (6) year to year comparability; (7)

etacomparab£1ity between groups such as buyers,
The purpose of this research was to determine products, suppliers, and so f:rth; (8) fre-
the stte of the art In measurement of purchas- quency of use; (9) importance; (10) useful-

ng performance it leading private and publc ness; (11) familiarity of users with perform-
(federal level) organizations and to develop ance standards; (12) challenge of the per-
information which could lead to improved put- formance standards; and (13) degree of real-
chasing performance measurement and control im of the performance standards.
systems. The research identified the measures
in use in these organizations and obtained user
ratings of the measures. In addition, users PURCHASING PERFORMANCE MEASURtSidentified the uses/benefitB, performance

staudards, inadequacies/limiacions, and nega- More than 200 purchasing performance measures
tive/dysfunctional behav -in for the measurea. were found in the organizations visited.
They also identified we: in which the measures These were grouped into 13 categories by the
might be improved. S'atlstical enalyses of the researchers, and a discussion Of each follows:
quantitative rating data revealed differences in r

1tser evaluations of the measures. Price effectiveness

RESEARCH SAMPLE Price effectiveness measures were used to
measure: (1) actual purchasing price perform-

Eighteen organizations were surveyed snd 248 in- ance against plan; (2) actual purchasing price Al
terviews were conducted with managers and performance against market; and (3) nctual
buyers. Approximately 60 percent of the purchasing price performance between buying
respondents were managers and 40 perccnt were proups/locations. Purchase ;-B -.arhnCe5
nonnanagers. All were experienced purchasing from plan were calculated on a,
personrel and had considerable knowledge about line item and on a total purchasing budget
the putchasing measurement systems used by basis. The indicators were the price var-

lances measured in terms of: (1) actuaJ unit
cost minus planned cont; (2) a prik- variance
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percentage, actual unit cost ovcr planned cost; would be an increase over the old price.
or (3) an extended price variance, actual unit

cost minus planned cost multipled by an esti- Cost reduction/avoidance was measured on the |
mated annual quantity (or quantity for the re- basis of an absolute unit or an annual cost
mainder of the planning period), reduction/avoidance, or by comparing actual

cost reduction/avoidance to a budgeted or tar-
The key element in measuring price effective- geted cost reduction/avoidance. Cost savings

ness against plan was the manner in which the data was usually collected and reported on a
plan was established. The planning process monthly basis by buyer, section, and depart-

generally began with establishment of purchase ment.
requirements and line item purchase price fore-

cast for the next budget period, usually a Selected uses/benefits of these measures in-
year. In some cases, forecasts were also made cluded attention on cost reduction, discipline,
for comparison purposes by a cost accounting provision of information on how to achieve

and/or industrial engineering group independent cost savings, monitoring of performance to
of purchasing. These forecasts were revieved goals, comparability of cost savings, exposure

by purchasing and noapurchasing management, to other functions, and performance appraisal.
such as finance and manufacturing. After man- Selected inadequaciesilimitations included dif-
agement review and acceptance/revision, the ferent cost savings rules for difierent groups

purchase price plan was incorporated into the in the purchasing department or at different

operating plan. locations, use of credit only for negotiating
price decreases and not engineering changes,

Price effectiveness was measured and reported, subjectivity and lack of credibility of the

usually monthly, by comparing actual purchase measure, lack of cost savings reduction with

price to planned price at one or more of four price increases, lack of savings reduction

possible control levels. Level I was at the with cancellation of a part, incorrect usage
purchasing department level and included the estimates, time required for reporting, diffi-

1 overall material budget. Level 2 was at the culty in setting targets, and impact of exter-
major purchase product group and Level 3 was nal business conditions.

at the major final product sold. Level 4,
which was the most detailed level, was at tha Analysis of the respondent perceptions of the

purchased item level. The results at Level 4 cost savings measures revealed that the
could be aggregated up to Level 2 and Level 3, measures with the highest ratings were narrow-

while results at Level 2 and Level 3 could be ly defined actual cost reductions. Further-

aggregated up to Level 1. The results at more, cost measures were rated higher in those
Levels 2, 3, and 4 could be reported by vendor organizations which provided the opportunity
buyer, groups, and department. to adjust the quantity purchased and net out

the true cost reduction.
Maximum control was exercised in those organi-

zations measuring performance at all four Workload
levels. All organizations were at least meas-
uring at Level 1. Effective control would All of the research sites measures workload in

appear to require measurement at least at the purchasing department. This was broken
Levels I and 4. Planning appeared most effec- _ovin into three categories: (1) workload-in:

tive on an annual basis with revision allow- a measure of the new work coming into the pur-

able up to one month prior to the planning chasing department; (2) workload-current: a
period, measure of the backlog of work; (3) workload-

completed: a measure of the work accomplished.
Other indicators of price effectiveness were Measures of the workload-in classification
comparison of actual purchase costs to market were usually counts of work received, includ-

and comparison of purchase costs at multiple ing purchase requisitions received, purchase
buying locations. Organizations developed in- information requests received, number of pro-
dices of actual purchases based on invoices tests received (government organizations), and

paid and compared these to similar purchased number of pricing requests received. These
items included in the Wholesale Price Index or counts were reported on a weekly, monthly, and
the Wholesale Price Index in total. year-to-date basis. Workload-in measures were

reviewed regularly by purchasing management
Cost savings and were used to help predict and explain

changes in other departmental measures. For
Cost savings measures included indicators of example, an increase in workload-in could lead
both cost reduction and cost avoidance. Cost to a coyrispondlng Increase In purchasng's
reduction required that the new unit cost be Itainistrative lead-time if workforce size and
lower than the old unit cost on a line-item efficiency stayed the same.
basis. Cost avoidance was more loosely da-
fiad and could be obtained, for exp.lple, by Measures of the wotkload-current category
buying at a price lower than the average price were, typically, counts of the backlog of work

being quoted, even though the new unit price in the purchasing department. The two most

A;
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conon counts were: (1) purchase requisitions the year, a rnnthly ratio of actual adminia-
on hand and (2) line items on hand. Another trative expenses to direct material input be.-
,pproach to measuring workload-current was to came a control figure for actual expenses.
convert the workload into number of days of
work at a standard rate. All of the measures A critical problem with the control ratio ap-
wete usually reported on a monthly basis along proach, using direct material input, was that
with the previous year's experience, much of the actual work of purchasing was com-

pleted before the direct material was received
Measures found in the workload-completed cate- and paid for by the organization. Significant
gory included purchase orders placed, line variatiuns in purchasing workload and direct
items placed, dollars placed, contracts written material input over time led to cycles of
and price proposals written. In the public over- and under-fundIng for the purchasing de-
sector organizations, the workload-completed pertient.
measures were subdivided into more specific
categories, such as large purchases and small Soveral organizations were using or experi-
purchases. ment-ing with rethods for translating projected

purchasing workload into a specific headcount
Administration and control number. There were several vtiations, but

the essence was to establish a standard of
These measures were used to help plan the an- workload per buyer, based on historical per-
nual administrative budget for the purchusing formance standards and/or time studies. Pro-
function and help control administrative ex- jected workload was then divided by the stand-
penses during the budget period. ard to calculate the total number of buyers

required. The projected number of buyers
The major question in this area of performance needed might be multiplied by another ratio to
wan how large the purchasing administrative get the number of secretarial/clerical
budget should be. The crux of the question employees needed. Finally, a fixed number of
really is: What should our headcount be? managers and other staff rembers would be
Since salaries are the major item in the bud- added to get a total headount for the Jepert-
get, most organizations felt that the answer ment.
to this question rested on the workload re-
quired of purchasing. This led to further The critical number in this method was the
problems in defining workload and establishing workload standard. Typically, these standards
relationships between workload and headcount. were based on historical performance and the

judgment of buyers and managers. The stand-
The most common method for establishing a bud- ards varied, depending on the difficulty of
get was to start with the current budget and the itenms to be purchased. For example, a
adjust it up or down, depending on the business maintenance, repair and operatinp supplies
forecast. The adjustment reflected management buyer would be expected to handle many more
vlccs on both the projected purchasing work- part numbers than a buyer of high reliability
load and the projected profit margins, based on parts.
economic conditions. For the firms using this
approach, no formal methods were used to relate A different approach was to set the standardb
workload or business conditions to budget or in terms of !,uurs per document and to estab-
headcount level. The budget was justified each lish h v much time a buyer spent in buying
year using whatever arguments wcre currently tIvity each week. This time was then trans-
valtd. lated into a standard number of documents per

year per buyer. A specific number of buyers
Another approach was to use a control otio. was then established, based on the level of
In thin approach, purchasing's adai.istrative workload anticipated.
budget was established as a ;ercentage (ratio)
of another measure choep 'o reflect the pur- The most detailed and complex approach to bud-
chasing workload. Typi( Jy, the workload getting was found in a public sector organiza-
measure was planned dollir expenditure for tion in the U.S. Department of Defense. Vare-
direct material. Purchasing's administrative tions existed in the different Defense agen-
bud.c was calculated by multiplying the direct ces, but all operated by establishing time
material input budget by the control ratio, standards for all activities within purchas-
The ratio was based on historical levels and Ing. Using these detailed time standards amd
was negotiated yearly between purchasing and a workload forecast, the necessary workforce
higher management. could be calculated.

The material input budget was based on a pro- The major difficulLy in estsblishing an ad-
jection of material input needed to support de- ministrative budget fcr purc,%.-Jn, -ns de-
]ivories for the next year. The implicit ciding on sr. appropriate headcou'nt ,-' and a
assumption was that the purchasing workload was correponding level of salary and benefit
proportional to direct material input dollars. dollars. After reviewing the several methods,
Once the ratio and the budget had been set for It appears thait the most useful in between the
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control ratio approach and the detailed time- All the traditional methods of establishing
standards approach. It appears reasonable to time standards, including time and motion
use aggregate standards, such as line items studies, work sampling, nethods-time measure-
per buyer, to help establish the necessary ment, statistical anaiysis, historical perform-
staffing levels. The control ratio is often ance, and judgment have buen used. Much effort
out of phase with the actual purchasing work- has been expended establishing and revising

load. Detailed tire standards do not appear to the standards and maintaining a data base on
yield results that are sufficiently superior in them.
most purchasing departments to justify their
development and use. In one public sector organization which had

much higher user rating of their efficiency
Efficiency measures than the other public organization,

It appeared that the difference could be
Efficiency measures related purchasing outputs, accounted for by the difference in perceptions
such as line items placed, to purchasing inputs concerning the adequacy of the time standards
such as buyers. These measures ranged from In each of the organizations. The highest
two-factor measures that had one input and one rated organization had the most detailed time
output, to multifactor measures that related standards. Furthe-more, the newness of this
several outputs to several inputs, system may have accounted for some of the

differences in the ratingg.
Two-factor measures were calculated by dividing
a count of some output fron the purchasing de- Vendor quality and delivery
partment by a count of a resource input. A
wide variety of inputs and outputs were counted Both vendor quality and delivery measures were
by the organizations, with most using several found in use. Characteristics such as dollars
different measitres. by vendors were also measured. The vendor

quality measures were: number and percentage
Among the more commaon two-factor measures were of units/shipments/dollars of purchased items
the following: purchase orders per buyer, line accepted/rejected; quality cost index - (total
items per buyer, dollars committed per buyer, value of purchased items plus costs caused by
change notices per buyer, contracts written per vendor quality pioblems) divided by total
buyer, average open order commitment, worker value of purchased items; quality rating
hours per line items, worker hours per purchase system based on number of quality problems;
order, worker hours per contract, administra- and quality index - (number of lots rejected
tive dollars per purchase order, administrative divided by number of lots received) multiplied
dollars per contract, and administrative dol- by (severity of the quality problem).
lars per purchase dollar.

Vendor delivery measures were based on a num-
Purchasing administrative lead time (PALT) is ber of pieces, shipments or dollars that were
a different kind of efficiency measure used by early, on time, or late. The critical element
both public and private organizations. PAL'r is in these measures was the establishment of
generally defined as the elapsed time from the scheduled due date against which perform-
arrival of the purchasing requisition at the ance was measured. Three basic approaches
purchasing department to placing of the requi- were used in establishing the due.date: pro-
sition with a vendor. Average PALT was usually mised delivery date; need date to make user
tracked over time with an emphasis on keeping schedule; and due date based on requisition
it below some standard time. Also, the requi- date, plus purchase time, plus vendor lead
sitions with the longest elapsed time in the time, plus transit time.
department were routinely identified and moni-
tored until they were finally placed. It appeared that the most effective vendor

quality and delivery measurement systems were
All of the other multifactor efficien4y ratios those which provided detailed breakdowns by
were measures of labor efficiency found in the buyers and parts and provided the ability to
U.S. Department of Defense organizations. measure vendor delivery against more than one
These measures were all essentially of the need date. Furthermore, systems which ap-
form: performance efficiency - earned hours peared to be effective asigned causes to the
diviled by actual hours. Earned hours were types of delivery or quality problems.

calculated by multiplying the number of trans-
actions completed by the standard time for com- Material flow control
pleting the transactions. Actual hours were
hours on the job minus the hours allowed for Most of the organizations had reports and
such items as sick leave, training time, and so measures concerned with the flow of material
forth. from vendors to the buying organization.

These reports can be classified into four
Standard hours for activities had been estab- functions: (1) identification of all open
liAhed over the years by special teams working purchase orders and their due dates; (2)
with the managers and buyers at each location, identification of past-due open orders; (3)
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identification of material or orders that are Competition
needed immediately by manufacturing, that is,
a hot list; and (4) measurement of how well These measures provided information about the
purchasing buyers and vendors are doing in extent to which the buying organization was de-
meeting due dates. veloping competition in the supply marketplace

and Improving purchase prices and terms.
In many of the organizations, functions (1) and Measures Included annual purchase dollars and
(2) were combined in the same reports. For ex- percentage of annual purchases on national,
arple, a buyer might get a weekly listing of area, or annual contracts and with sole source
all open purchase orders, with overdue orders suppliers, competitive awards percentage, and
as a percentage of the total orders. The hot formal advertised awards percentage.
list In an organization was a separate report
generated by manufacturing. Items would appear Invenry
on the hot list when manufacturing was ready to
taFcmble a project and discovered a shortage in Inventory measures were found in several of the
the parts inventory. puc'.qiing. departments visited. These organi-

zations typically measured turnover, tracked
The troa sophisticated material flow control consignments, and projected Inventory levels.
reports showe& pjccted manufacturing require- Most respondents did not receive ancl use these
ments by part number by time period (usually measures because inventory management was not
weekly or monthly). The promised delivery their responsibility. Therefore, only li nted
time was shown in the same report. As manufac- data was obtained about these measures.
turing requirements and vendor delivery dates
were updated, the report would reflect these Transportation
changes.

Transportation measures were found in three

It appeared that the moat effective systems purchasing organizations. They were used to
were time-phased material flow reports which determine how much was being spent on premium
showed both requirements and promised shiprncnts transportation to obtain needed materials or
over an extended horizon. This approach products.
allowed buyers and expeditors to have a look
into the future and alleviate problems before Purchasing procedure audits

they became shortages in manufacturing. Also,
it allowed a more systematic approach to ex- These indicators provided data about whether
pediting materials, allowing buyers more time purchasing procedures were being followed in
to conc,tnLrate on buying. establishing and monitoring contracts with

suppliers. Audit procedures varied between or-
R_.ulatorylsocetal/environmntal ganizations and included many categories of

procedural violations. Audits werv conducted
These measures provided Information about pur- by both purchasing sad nonpurchasing personnel.
chaning's achievement of regulatory/societal/
environnental goals. Examples included: (1)
pur'hi : loilarp ned percentage of purchase KEY PURCHASING MEASURES
dollars placed iith small and minority busi- Several measures used to control purchasingnasa; (?) purchase dollars and percentage ofSera asesudtocnolpchsghnese dollars alaced ind aborsrperentaeaperformance appeared to be key irdicators at
purrhate dollars placed in laber surplus areas; the organizations visited. These measures

and (3) number and percentage of minority em-
were price effectiveness, workload, c.ost sav-

poeipcaings, administration and control, vendor qual-

Procurement planning and research ity and delivery, and material flow control.

Various indicators were categorized into the The researchers consider these to he key meas-

broadly defined area of pr uremeat planning urea because they were extensively used ind
and research. The measur iwerc generally used the respondents considered them to be aost use-

to monitor the amount of planning and research ful and important, Managing price, the admin-

activity and its accuracy. These measures in- istrative budget, workload, assuring continuity

cluded the number of procurement plans estab- ofsplad aaigvnor fetvl
lished per year (including availability and were perceived as key purchasing ohjectives,

price forecasting), price forecasting accuracy and purchasing measures were developed and used

(actual to forecast), lead-time forecasting to manage in these activity areas. Further-

accuracy (actual to forecast), and number of more, even though some of the cost savfngs' measures were suspect, cost reduction wan s
make-buy studies completed. Each of these in- m,wstraightiorward vewed as a primary objectlve of purchasingdlcators was relatively s ragtowr from amessurement standpoint, needing meaure ^nt.

The above should not be interpreted to mean
that the other purchasing measures found were
unimportant or unnecessary, which is not the

562

L -~ - -- '=--4 ~ - -~----------~



..... - -v - -~ - -~i -?r>- -~ - 7e-

case. All of the purchasing measures dis- Significant differences also were found In the
cussed were used to better manage purchasing ratings of managers and nonmanagers. On ques-
performance. tions concerning the objective characteristics

of the measures (for example, accuracy and

STATISTICAL RESULTS timeliness) managers and nonmanagers did not
differ in their ratings. However, on qutstions

The objectives of the statistical analysis were concerned with uses of the measures (for ex-

to look for systematic variations in the re- ample, comparisons, usefulness, importance) the

spondent ratings and to find variables that managers rated the measures significantly
could help explain the variation. Some of the higher than did the nonmanagers. One possible

major findings are discussed below. explanation was that the managers had developed
the measures and thus had a greater comitment

The measure category with the highest mean rat- to their use.

ing over all respondents was price effective-

ness. Competition and administration and con- GENERAL CONCLUSIONS ABOUT PURCHASING
trol werc next highest rated, ignoring measure HEASURF2ENT
categories with an insufficient number of rat-
ings. These categories were rated high appar- The researchers developed some general percep-
ently because they were well defined measures tions of purchasing measuremen as practiced at
that could be easily understood and accepted by the organizations visited. These nerceptions
purchasing personnel. They measured activities are not based strictly upon the hara data col-

that are the core of the putchasing department, lected, but are synthesized from the total ex-
that is, purchase price and administrative ex- perience. We believe that these conclusions

pense. are as important as the findings reported
earlier. They can be classified Into systems-

The lowest rated category was cost savings, oriented and people-oriented attributes of pur-

preceded 1 ificiency. The low rating of cost chasing measurement systems.
savings wa -pparently due to the loose way in
which cost savings were defined in many organi- From a systems-oriented perspective, purchasing
zations. Cost savings figures were often measurement is not free. There is considerable
thought to be easy to manipulate and were cost; the development and use of specific
viewed skeptically both within and outside pur- measures and their benefits must be weighted
chasing. In the few organizations with tight, against the cost of developing and maintaining

narrowly defined cost savings measures, the the system. In addition, a few measures well
ratings were higher. Low ratings for effi- understood and narrowly defined are better thas
ciency measures were due to the low marks given a large number of loosely defined, partially
by the public sector personnel to labor effi- understood measures.
ciency measures.

Effective measurement systems require a good
Another significant finding was that the re- data base which is consistent and valid and
spondents rated all measures low on their use which all people in the purchasing organization
for "group-to-group (individual-to-individual use. The data base and the measurement system

and so forth) comparisons" and for "year-to- itself must be reviewed periodically so that un-
year comparisons." This finding was supported important measures can be weeded out and new
by many of the respondents, who stated that measures added.
they did not like to be compared with other in-
dividuals or groups. They did realize the need Furthermoxe, there is no one best way to meas-
for managers to evaluate them as part of the ure. Each organization must conduct a detailed
management process, but did not like for the analysis of its own situation to determine
comparisons to be made public on a regular which indicators are needed and will be most
basis. Furthermore, they felt that many of the effective in its environment, and what the ap-
measures used for comparison (for example, dol- propriate standards should be. The reporting
lars saved) could not be taken at face value requirements vary by levels in the organization
but had to be considered in light of the kind and from organization to organization.
of items purchased by each individual.

Lastly, ona overall productivity measure in
The analysis also showed that organizations df- purchasing is probably neither feasible nor de-
fered significantly in their overall ratings of sirable. Multidimensionality of the purchss-
the measure categories. The reasons are not en- ing problem, the masking effect of overall pro-
tirely clear. The public organizations (with ductivity measures, and the need to separate
one exception) rated their measures lowest. The the components of such a measure to determine
firms with the highest ratings were metal-psrts :hp cause of chenges all m1foti ainto nnp
fabrication and assembly operations. In gen- overall measure. _

eral, the private firms rated their measures

higher than did the public.
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Overall perceptions which focus on the people
Faspect of measurement include the belief that

the measurement system is not a substitute for
good management. However, good esnagers vill
have and use a good measurement system. Fur-
rher, comunication is important in developing
effective systems. The goals, the measurement,
and the evaluation process must be thoroughly
understood by all in the organization.

Effective use of purchasing measures requires
that they be used to positively minage the or-
ganization and not be perceived as mechanisms
used only to punish people.
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DESIGNINC T11E SPATIAL ENVIRONMENT 
TO EFFECT WORKGROUP

INTERACTION AND IiPROVi'1i,:;F OF BUSINESS OPERATIONS

Bonita ii. M1icher, Cleveland State University

INTRODUCTION cost considerations alone, with behavioral im-

plications carrying little weight (10:161,

An xportant area of interest for the organil- Another approach to spatial design is office
zation designer is the physical design of tire lns e(uoadihf)fo emn 9
work environment and Low it influences be- [31. The aim of this approach Is specifically
hdvior within the organization. Systematic workflow oriented. The proponents of this
.i tention to this factor is a relati.elv new approach design "landscapes" with paths and
area of interest for organization research, areas after extensive studies of the floq-s and
Physical environment is considered usually contacts of the eystem at work. This approach
of nargtii concern. The manager typically mirrors what the organization is, whereas
judges that it is unimportant to evaluate the organization designers are working to bring
way in which the physical setting impacts on the system to what it should be with physical
behavior. However, the limited research that changes being facilitators of this development.
has been done reveals physical space has an
important Influente on the kinds of experi- Limited systematic research on the impact of
ences and relationships people are having. physical settings on organizational behavior
The following example illustrat,; this has identified several aspects of the physical
point: (10:51. environment. Osmond [51 refers to those

factors that discourage interaction and stable
When several executives in a large corporation relationships as sociofugal in character.
decided that the) wanted to work directly on Snch factors -v. spatial phvslcal barriers,
some of their process problems, they hired a noise, bright lighting, and extreme tempera-
behavioral science consultant to work with tures are sociofugal. Conversely, sociopeta.
them. After a diagnostic period, one of tire arrangements support and encourage development
major issues identified was hostility between of interaction and stable interpersonal re-
t,4o units of the organization. To deal with lationships. Osmond deqcribes spatial context
this, al off-s!te session at a conference in terms of location, distance, and seni-fixed
center was attenued by most members of the or fixed features.
group. They identified problems, causes,
percoptual differences, and possible solutions. A study of a college dormitory reveals some of
They agreed to work on them over time. the sociofugal-socioptctl qualities of a nine

story complex [12]. Each floor was sociopetal
Wren they returned to work some contact be- in character since tire residents ware physi-
tweert groups occurred, but it died down cally divided from other floors so each floor
quick'., .nid relationships returned to their developed into a cohesive social group.
pre-,;ssion state. One reason was a lack of Richards and Dobyns [71 identified the way in
resolution of fundamental areas of mistrust at which changes in physical arrangements in ar
the off-gfte session. Another was that the office affect Intragroup and intergroup rela-
rw, 'rod,., were located on different floors of tions. A small group of employees in a bank
a high-rise office building, so they had little was initially located in a small enclosed work
informal contact. The distance separating them area with its own entrance from the outside
resulted in few contacts; the motivation to of the building. Tre group of workers dcvel-
contira.e to get to know and value the other oped a high degree of cohesion, a well struc-
group ' members waned in competition with more tured social system, a sense of special status
Immediate day-to-day contacts. The physical and of working in a friendly atmosphere.

system as well as the social system of the
ccranizatlon must be considered if changes in In a reorganization tire group was moved to
the organizatio, are desired. People are another floor to a similar room except that
typically blind to the impact of the physical the boundary was defined by steel mesh and
environment on their day-to-day lives, es- there wrs no separate entrance. This arrange-
pecially their work lives. ment allowed the group to be directly super-

vised and observed from outside the steel
Several approaches in organization design deal mesh. Increased stress, less satisfaction,
with spatial factors but disregard behavioral more absenteeiam, passive resistance to in-
implications. Location analysts consider 2tructions, a greater degree of overt oppo-
costs, ease of performing basic tasks, avail- sition and decline in efficiency developed in
ability of personnel and congruence between the unit Those behavior patterns could be
lo:ation and the organization's identity. In attributed to the type of supervision and
many instances location decisions are made on elimination of special status, but these, in
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turn, were made possible by the removal of the THE SAMPLE

barriers. The few existint research studies
support the importance of studying organiza-
tion design characteristice as important de- The sample consisted of six different oigant-
terminants of behavior in organizations. rations. Three organizations were involved In

manufacturing and three were service organi-
zations. Samples of small work groups were

THE STUDY obtained within each of these organizations.
The tasks represented in the study were mostly
of a clerical and service nature. Eight hun-

An empirical study of six organizations ex- dred and sixty interactions in a.l were re-
plored the importance of spatial physical corded.
arrangements for determining work group inter-
actions. Several structural dimensions of Data was collected by observation, question-
organizations as well as some characteristics naire and self-recording forms. Demographic
of group structure were included in the study fa,.to,,, ard "actors concerning the nature of
to cntrol for other possible determinants of the work were obtained by questionnaire from
interactions. Structural dimensions of the (acn individual. Spatial pysical netting
organ!zar c. .1sted of the spatial physical variables were collected by obser,'..; types
environment and the nature of the work. Spa- and numbers of barriers and by measu-" ,. dis-
tial physical environment is defined In terms tance. Interactions were tabulated on self-
of distance degree of eye contact and the ex- recording forms.
tent of physical barriers between individuals
In the work group. Characteristics of the
nature of the work considered were the degree FINDINGS
of specialization, existance of buffers,
mobility, intensityof work and degree of ex-
ternal interactions required by the job. Group Table I shows the results of the step-wise re-
structural fahcors were age, sex, race, f--end- gression using task interactions as the de-
ship and supervisory status, pendent variable. Seven of the variables were

significant at t .05. Friendship was the must
The Importance of spatial arrangements, nature important variable with a beta wij ?ht of .22.
of work, and group structural factors for Spatial physical barriers was the second most
determining work group interactions were Important variable. Three of the seven signif-
assessed. The frequency of face-to-face inter- Icant variables were from organlational st:nc-
actions between Individuals were measured at tnnre and four were from group sr~u~ture.
the point of initiation. The frequencies were
subdivided into task or social related inter-
act ions. TABLE I

The following model describes the csal re- Task Interactions Regressed on Organization
|ationships: and Group Structure

FIGURE I Variable t-test of b Beta Weight
INTERACTION MODEL

Friendshin 6.07* 0.22
ORGANIZATION STRUCTURE Barriers 3.69* 0.21

Supervisory Status 5.04* 0.19SPATIAL PHYSICAL SEFTTINr\ic .6* 00
3ARRIERS Pace 2.64* 0.09i" jSex 2.04* 0.08
EYE CONTACT External Interactions 2.07* -0.07

Mo!iliity 1.86k -0.07

NATURE OF THE WORK TOTAL g 1.46 0.05
SPECIALIZATION Distance .82 0.04
BUFFERS INTERACTIONS qpecialization 1.16 0.0"
MOBZLITY Buffers .49 0.02
CONCENTRATION TASK Concentration .31 0.01
EXTERNAL INTERACTION SOCIAL

GROUP STRUCTURE *'<.05

AGE
RACE Table 2 shows the resultc of the sten-wise
SEX regression using sociaA inten.;i - aq the
FRIENDSHIP dependent variable. Eleven var.ii .J -.
SUPERVISORY STATUS nignificant. Spatial physical barriers ex-

plained the most variance with a bon weight
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of .25. Friendship followed closely with a The correlation matrix presented in Table 4

beta weight of .21. Again barriers was found indicates the relationshipu among six variables
to be a significant variable for explaining where (intercorrelations were .40 or greater).
interactions.

TABLE 4
TABLE 2

Correlation Matrix of Variables
Social Interactions Regressed on Organization with Highest Intercorrelations

and Group Structure

Supr.

Variable t-test of b Beta Weight Barr. Dist. Cont. Frnd.Stat. Sex

Barriers 1.00 0.77 -0.66 0.39 -0.06 -0.23

Barriers 4.26* 0.25 Distance 1.00 -0.45 0.40 0.11 0.06
Friendship 6.13* 0.20 Eye Contact 1.00 -0.32 0.22 0.32
Mobility 3.92* -0.13 Friendship 1.30 0.03 0.01

Eye Contact 2.85* 0.12 Supervisor
Age 3.43* -0.12 Status 1.00 0.52
External Interactions 3.39* -0.11 Sex 1.00
Sex 2.79* 0.11

Race 3.42* 0.11
Buffers 2.49* -0.08 Barriers is highly correlated with distance

Supervisory Status 2.09* -0.07 and eye contact. Sex and supervisory status

Specialization 1.54 -0.05 are also moderately correlated. Sex, distance

Distance .15 -0.01 and eye contact do not play significant roles
in the explanation of variance probably due to

• p<.05 the multicolllnearity which exists between
3 them a,d other variables in the regression.

The multicolinnearity between barriers, dis-

-R In the last step total interactions (task plus tance and eye contact results in an unstable

social) was analyzed using the set of Inde- b value for barriers. This is reflected inIpendent variables. The results of the re- the t values presented in Tables 1-3 where

gression appear in Table 3. barriers has a high beta weight but not the
highest t value.

TABLE 3j DISCUSSION AND CONCLUSION
Total Interactions Regressed on Organization

and Group Structure
The results of the study Indicate that as spa-
tial barriers increased b~th the frequency

Variable t-test of b Beta Weight and types of interaction were adversely af-
fected. As the type of barriers changed from

separation by different floors to separation
Barriers 4.60* 0.27 by a short distance, the frequency of both I
Friendship 7.35* 0.25 types of interactions increased. Barriers was
Sex 2.87* 0.12 the most important variable for explaining

Race 3.55* 0.12 variance for total interactions. These
Mobility 3.22* -0.11 findings are consistent with the results of '1
External interactions 3.11* -0.11 Van Der Ryn and Silverstein's study of the

Age 3.77* -0.10 dorm complex. The only barriers investigated
Supervisory Status 2.58* 0.09 by their study was separation by floors. How-
Concentration 1.81* 0.06 ever, when a fuller range of variables is
Eye Contact 1.40 0.06 introduced this basic hypothesis is supported.
Distance 0.65 0.03
Buffers 0.90 0.03 The findings also support Osmond's theories

*p<.05 about the sociopetal characteristics of
barriets. Opmond tested his theories in pay-
chlatric institutions, airports and bars but

Again barriers and friendship have the highest the results are verified in this studl for

beta weights with specialization not signif- work environments and for on-going groups

icant at the required level. Nine of the rather than chance groupings which often occur

independent variables were significant at t In airports and bars.

.05.
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tRichards and Dobyns' results are further am- (10) Steele, F.I., Physical Settings and
pliffed by the results of this study by Organization Development.
taling work environments and measuring actual
interactions between the members of the group. (11 Trist, E.L. and Bamforth, K.W.,"ome
hi le the Richards and Dobyns' studies high- Social and Psychological Consequences

lighted the importance of spatial barriers for of the Longwall Method of Coal..gotting,"
the development of group cchesion, their Human Relatins. 4, (1951), 3-3 3.
study lacked quantative measures of group
Interacrlon. [12) Van Der Ryn, S. and Silverstein, P.,

"Berkeley: How Do Student Really
This study highlights the importance of the Live?," Architectural Forum, 127,
spatial setting in organizational design. The (1967), 93-95.

indstry application can be generalized to
the ptogram office procedures of the pro- (13j Whitehead, T.N., The Industrial Worker.
"urement environment. Operations of the Cambridge, Has.: Harvard University
program office can be improved by increasing Press, Vol. 2, 1938.
both social and task interactions. Results
,-1 indur:r; studies indicate that both types
of interdect4i' -n be increased by more
effective spatial _eoign.
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COSI ISSUES IN COMPETITIVE INTERNATIONAL SOURCE SELECTIONS FOR MAJOR HARDWARE

James R. Brennan
Pruduction/Industrial Management Division
Directorate for Procurement and Production

HQ, US Army Aviation Research and Development Command

ABSTRACT requires a reexamination of our own professional

training and its limitations in an effort toI develop flexibility in our evaluation and for-
Driven by North Atlantic Treaty Organization mats which is so vitally necessary to reach a(NATO) standardization and designs which pro- final source determination. Extending beyond
vided for interchangeable and interoperatabil- the evaluation and negotiation, the profession-
ity, near term hardware acquisitions may well alism must be soundly based in order to assure
be procured from competing manufacturers in a firm and fair rationale and methodology which
truly international type competition. While can provide to the unsuccessful offeror the
policy is evolving to provide top level guid- basis for the selection, waich avoids any inter-
ance to control such activities, a review of national claim of "fouls.' Finally, the review
current source sclection practices and proce- and approval cycle when tailored to Internationaldures identiffes selected issues associated competition with friendly nations is examined
with international comnetition which are worthy to see what pitfalls exist. The review and
of addressina. These issues deal with a variety approval mechanics can be so structured to accom-
of subjects, but this paper addresses only the modate the interests of the friendly nations,
select, but important, cost issues. This paper as well as our own acquisition agency.
first identifies a manageable set of important
cost issues and then proceeds to detail solu- The research behind this paper has included
tions to the problems raised by the issues contacts with various Project/Progra Managers,
themselves, who have been involved in major end Item pro-

cur~ments with an international flavor. While
From a combination of exoerience and recentl. their lessons learned are directly associated
gathered research data, this presentation with evolutionary stages of international com-
examines the cost presentation, estimating, petition, we can extrapolate from this data to
evaluation, negotiation, and reviewing issues develop the issues identified in the early
associated with the procurement of a mojnr paragraphs of this paper. This extrapolation,
international piece of Department of Defense when analyzed, presents a set of preferredhardware. Included is a look at the proposal solutions based on the writer's personal expe-
and its peculiar needs when it is directed to rience: t,,Itree major source selections. Thy;
both domestic and foreign producers. Emphasis paper fins in apparent research void in theis on the type of documentation and data that detailed planning for methodology, rationale,would be necessary for use in evaluating com- budgets, and manpower requirements associated
peting proposals, giving full considerations with true international competition.to the very different approaches and quality in

data of both friendly nations and the United
States military producers. If international
competition is to be truly international with-
out an absolute veto power or final determina-
tion on the part of the United States, then the
Source Selection Team for the evaluation and
recomendations would be international in make-
up. The evaluation itself proposes problems of
placing competing proposals in a comparative
position when different currencies and rates of
inflation exist. Interchangeability and inter-
operatability directly involves operatlnq and
support costs. Part;, which nay be interoperat-
able and interchangeable, are not designed with
the same reliability. In evaluating competing,
friendly nations' proposals and the United
States producers' prooosals, on-site validation
of contractor data ani claims proposes shear
geographic handling o- such validations. The
audit agei.cies on-site and the lack of audit
agencies on-site is ar example of a problem
area. With the evaluation completed, negotia-
tions to clarify with the proposing contractors,
cost technical, and other tems and conditions,
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THE APrLICATIOH OF COST ACCOUNTING STANDARDS TO FOREIGN CONTRACTS

CAPTAIN JAMES N. GIBSONU
HEADQUARTERS UNITED STATES AIR FORCE

I NTRODUCTION each foreign contract. :3)

The -' t Accounting Standards (CAS) Board was There are a number of Issues which arise when
ntablished in 1970 by Public Law 91-379. The implementing CAS oin loreIgn contracts. Thie
-ir was set u;., in tile legislative branch of most Important are sovereignty, conflicting

11. goverturent its an agent of the Congress national laws or regulations, administration.
wit1) the function of promulgating ". .. cost lack of a legal/regulatory framework, and
atcoounting standards designed to achieve uni benefit. The author's experience with~ these
tormi ty and consistency in thle cost accounting issues in recent DOD efforts to implement CAS

4 oratices followed by defense contractors." (1) overseas hae led him to conclude that requir-
(l ate, the Board has issued fifteen stand- ing full CAS compliance is not appropriate

L-i and has published six proposed standards fu~ox ee contracts. ."his paper discusses
th ' re currently ont for public review and the issues, briefly looks at the present

approach of full CAS implementation, and sug-
gests two alternatives that wou'. ffo'il itate

The standards are basically applicable to all the contracting process.
negotiated defense contracts in excess of
$100,000. Negotiated contracts which are THE ISSUES
priced on the basis of catalog or market price
ar.I prices set by law or regulation are exclu- The first issue to be discussed is national
df-d. Certain other categories of contracts sovereignty. Foreign contracts are performed
are also exempt from CAS requirements. These by foreign contractors, tn foreign countr~es.

ic'd:contracts awarded to small buiness; The governments of these countries, aind their
r,,ntracrto awarded to Canadian Commercial Car- countractors, are oftOl opposed to the imp"-
p'4otlor; contracts award-d to Un-ited Kingdom sition of U.S. Jaws and regulations on the Ir
contractors; oert'dJi contrats under $500,000; contracts. They maintain that th- United
((?.tracts both executed and performed outside States has no sovereignty, and therefore no
the United States; and contractc awarded to a legal right to impose these requirements on
busi.ness uin.'t (f othei than a small business such cuntracts. This argument has been put
c-neerit V'cre that business unit has less than forth most strongly onl cooperative effort pro-
plo nil~ion of CA." co~ered contracts and CAS grains where the United States and foreign gov.-
)vered contracts account for lessq than ten ernments are jointly funding a progr=m and the

)ercent of the business unit's .alns. (2) United States Is acting as anl ab'crlt or partner.
The foreign governments have sugge .:ted that If

f 'ub~.i Law; 9)-379. as implemented by CAS Board every nation participating in afc CLiaborative
rei Llations, has always ueen interpreted to program were to insist on Imposin, their own
rep.re tnat the CAS cla-use be included irt laws and regulations onl each othcr, an agree-
-%'tra-ts itnr 'jubcontracta negotiated with riint would newer be reached. V-.th the
loralIgn co)ntrfntors unless they are otherwise increased interect in collaboration onl major

.- n" t),,' inceptio)n or CAS, the programs, this issue has become even more sig-
pa'nnof Oo',,se 'DOD) I aso experienced nI ficant.

! f!ficaltios -,tobtaining CAS acceptance and
j'~'cc ru- foweicr. guverrr'.ents and ccl,- A second issue hau to do with the laws and rep-

ri, tor,. l'nile the exemptions for contracts ulattons of foreign countries. Foreign con-
I ~ awrarded to the Casadiwi Comswarcial Corporation t.,a~tors are required to comply with the pro-

w. ~I United YKin dom contractor, oave helped curement, accounting, and tax and regunla-
streamline thle enn.,ructing process with firms tions of their respective natit Their nor-4
in those coutries, contractors in other mal business and accounting practices are cast
countries are requiredl t, omply wit.) CAS to within the frmnework of these laws Fuld regula-
t~he .ame degree s contr --tors in thic country. tio-s. To date it has generally been U.S.
Mhe implementat ion of all the CAS Board stand- policy to superimpo..c "oit accounting standards
a,'dsW, tules. and regulations in these foreign on foreign contractors to tile xtent that their
countries requires t great amount of effort own national laws or regulations do not prohil..
by both U.S. and fortagn person~nel. Because it them from complying with CAS. rhis approach
collaborativte progra.mls in~olviig foreign con- tends to ignore the practical question of conr-
tractorS3 are expected to :ncrease in the patibility. It is one thin6 to say that for-
t'oture, there is mueb concern aowt thle prac- ei'zn laws do not prohibit the application ofa
zicability and necessity of expending such a CAS Board standard or requirement, ani yet
large aunt of effort Uo) ivtplement CAS on____

()For the purpose of this ipa ign
(1) 11 C9-R 301.2 contract is any contract or su-n.t, v_-

IC 'B1 31.30 & ASPR 3-1204. 1 with a foreign contractor or government.
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another to say that CAS is compatible with contract, or a prime contractor issuing a

foreign laws, regulations and business prac- foreign subcontract, is required by U.S. law

tices, or t0at CAS will, in fact, be effec- to flow down CAS if applicable. However,

tively implemented, there are not, as yet, any laws in foreign
countries which compel foreign contractors

The third area for consiaeration is CAS imple- or governments to compJy with Cost Accounting

mentation and administration. Many of the Standards Board rules and regulations, nor

standards are kulte sophisticated. U.S. gov- Is there an established regulatory framework.
ernment and U.S. industry personnel have CAS must be implemented by mutual agreement 41

frequently disagreed with each other, and among oi the parties via a contract clause or memo-

themselves, on exactly what was intended by a randum of understanding. Where a foreign con-

particular CAS requirement. In spite of these tractor or government unequivocally refuses
disaGreementi, cost accounting standards have CAS, the U.S. agent does not have the leverage
been succe.sfully implemented in some locations of law to require compliance; neither does the
in the United States. But, this successful U.S. agent have waiver authority. The desire

implementation has been due primarily to close, for business, previous business relationships,

timely face-to-face cooperation between U.S. or other factors are the only motivators left

government and U.S. contractor personne.--per- for effecting compliance with U.S. public law.
sonnel who are knowledgeable with respect to Absent these motivators, a waiver must be
cost accounting standards and the contracting sought. Thus, without an established legal

process. This type of cooperation is frequent- and regulatory framework as a base, the U.S.

ly hindered on foreign contracts. First, there contracting agent is in a perilously weak

are language differences to overcome, and negotiating position to effect acceptance of
perhaps more significantly, the circumstances CAS.

surrounding the contract or subcontract. Many
recent foreign contracts and subcontracts are Finally, recent experience indicates that the
the result of international cooperative pro- implemetation of CAS for foreign governments
grams. When the United States enters into and contractors is administratively burdensome

these programs, foreign governments may insist and costly. In the past three years, U.S. gov-

as a condition of the program that their ernment personnel permanently assigned to the

national auditors perform audits on their own Washington, D.C. area have expended over 150

contractors, permitting United States person- man-days of travel overseas solely to resolve

nel t.) observe only. While these agreements CAS implementation and administration problems.
may permit U.S. auditors to conduct an audit 'his does not include time expended by these

in extraordinary circumstances, they nonethe- personnel on foreign problems while in the
'less, limit visibility of U.S. contract admin- United States, nor does it consider time

istration and audit personnel. Foreign gov- expended by U.S. government personnel perma-
err.pent and industry personnel cannot be ently assigned overseas. Attendance at over-
expected to be as knowledgeable or highly seas CAS meetings by foreign government and

_ motivated about implementing a United States contractor personnel and cognizant U.S. prime I

law as are their counterparts in the U.S. contractors indicates that they are also
While there is, as yet, little experience in expending considerable cost and effort in try-
this area, it appears that it may prove imprac- ing to implement CAS.
ticable to impose cost accounting standards in
situations where overall program and political CURRENT TRENDS
considerations limit the ability to implement
and administer CAS. Foreign procurements are expected to increase

substantially in the future due to increased
The fourth issue embraces elements of the three emphasis on collaborative programs between the

preceeding areas and is a causal factor in United States and its allies for major weapons
their existence. This issue deals with the systems. Public Law 9h-361, as implemented by
basic framework in which CAS is implemented the Department of Defense, has resulted in the
and administered. In the United States the NATO Standardization/Interoperability program.
Congress passed a law establishing a Board to This program reflects national policy and will
promulgate cost accounting standards. The likely stimulate increased foreign purchases.
Department of Defense implemented this law in Economic trends are also encouraging more inter-
its contracting regulations. By law and regu- national collaboration for defense products.
lation, defense contractors in the U.S. are The trend in cost accounting standards is also
required to comply with these standards on all u!'-;ard. The CAS Board presently has six pro-
applicable defense contracts and also flow posed standards out for comment and a list of
down CAS requirements to subcontracts. Con- projects waiting in the wings.
tracting agencies have an established legal/
regulatory framework, and the leverage that With the prospects of more foreign contracting I
it provides, to support their implementation/ ahead, the DOD must do all it can to facilitate -4
administration efforts for domestic contracts. the acquisition process while still providing
The situation is somewhat different for the adequate protqction for U.S. taxpayer dollars.
foreign contract. The U.S. contracting agent, CAS, in spite of foreign resistance, has con-
be it the government issuing a foreign prime tributed to greater visibility of foreign
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ace iting practices. Attempts to impose CAS a long one. It is this author's opinion ti-,

tr i other requirtments have generated much dis- full compliance is neither realistic nor
.ussion with U.S. allies overseas regarding necessary in the international environment.
their accounting practices. This does not A more reasonable, practicable approach is
Imply that foreign governments have changed needed which provides a long-term policy an-

their laws, or that foreign contractors have also deals with the immediate short-term prol-

it-proved their accounting practices as a result lems. There are two options, short of full
,f CAS. However, the very problem itself has compliance, that could eliminate, or at least
forced some beneficial cornunication between reduce, the current problem.
the parties. We may also assume that If CAS
.:uld be fully implemented overseas that we ALTERNATIVES
'right ultimately enjoy better visibility of
contraot costs and more reliability in contrac- The first option is total exemption of CAS for
tor cost estimates; two benefits we have all foreign contracts. This has several

experienced to some degree on domestic con- advantages: it effectively eliminates the

Sr cts. However, the controversies regarding Pontroversies discussed earlier in this paper;

" C45 ir-lementalioc raise a question regard- it avoid. the, future problems we would

!q,. b-.th the method and desirability of the encounter if we continie trying to impose CAS
ress-i' 1'ii i 'nlementation pol icy. overseas; it eliminates the admini. Lrative

costs and burdens of foreign CAIS :,,.enenta-
THE CURRENT POLICY tion and administration for the govern.ri r'ts

and contractors involved; aid finally, it. is
The present policy of full CAS implementation easily implemented, requiring only one sen-

has tho potential advantages of greater cost tence in paragraph 331,30(b) of the CAS

visibility and more reliable contractor cost Board's reguilations. The primary disadvantage
estimates. However, if it is the intent of to this anproach is the possible lost poten-

(,.ngres, and the CAS Board that Public Law tial for increased cost visibility and more

91-379 be fully implemented overseas, then reliable cost estimates.
several basic changes must be made. First,
tne CAS Board, as the Congressional agent for The second option is the application of the
'AD should be clearly charged with responsi- CAS Board's Modified Contract Coverage to
bility for introducing CAS to foreign govern- foreign contracts. This would basically
ne-its; affecting foreign government acceptance; require foreign contractors t(, disclose their
sond rtscisting foreign governments in establish- accounting practices under the same conditions
Ing the necessary CAS legal/regulatory frame- as U. S. contractors and comply with two almost
wcrk. This should be accomplished before DOD axiomatic accounting requirements. They would

its contractors are reqiired to impose CAS have to estimate, accumulate, and report costs
-n . foreign government or contractor. These consistently as required by CAS hl, and coo-

e fort-; should be coordinated with Department sistently allocate costs incurre,: for the
f ;tate, Department of Defense, and other same purpo, se as required by CAS h02. This
,o eleeble U.S. government agencies. Clear approach has several appealing features: it
urderr-tandings should be established between acknowledges the primary purpose of the CAS
the i1.S. government and foreign governments as legislation, accounting conslutency; it estab-

-- , what st.andards will apply to foreign con- lishes a base-line for all future foreign
trr4's s we]l as how they will be implemented contracts and eliminates the problems

aId enforced. This is not offered as a casual associated with introducing new standards when

suggest'on. CAS was effectively implemented it they come out; it allows for differences in
the United States because first, a base was i.-idividnel countries' accounting laws and
esrab±ished in law and an agent was set up to practices; and finally, it is easily impl -inp) erent the law. For CAS to be effectively mented since all the machinery already eAlstts

implemented overseas, similar action is In Part, 332 of the P.AS L-oard regulations; it
required for foreign governments. The present need only be .-dt available to foreign con-

arrangement of contractually requiring full CAS tracts This approach does have a major dis-
implementation overseas .hout the legal/ advantage. Ma4ny of the arguments against fxi
regulatory framework has -,lacedl U.S. contract- CA13 oerage, cpprially national sovereingty,

ing personnel in the position of "promulgating" aye equally applicble to the Modified Con-
CAS for foreign contractors and governments, tract Coverage. Thus it may provcde on.',
U.S. contracting personnel should not be partial relief from the problems.
responsible for effecting such "promulgations,"
especially when there is no legal or regulatory CONCLUSIOII
basis for them to enforce compliance.

The ultimate goal of any acquisition, i'o'
f full CAS implementation is, in fact, the or domestic, is to obttin the needed goods or

U.S. Government's intention with respect to services at -',. 1-:,, -. In1
foreign contractors and governments, then the the international contra-ting f: . -
approach described abovo is the appropriate U.S. policien must protect U.S. interest, t it
r.-thod ( f pursuing that implementation. H, -- at the same tme recognize the interest' of
ever, tie road to impJimentatlon will likely be
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other countries. If every nation participating
in at collab.rative def'ense acquisition program A
were t. insist on imposini;- Fill their appl icable
nationai law' and regul~ations, ani agveement
would neve- be reached. It. i!; i aonable and
impra,:ti(--ible to insist that VAZ3 lie fullY

implemen~ted on foreign contracts. This author
believes that tile requirement for full CAS
implementation should he eliminated. U.S.
interests can be adequately protected, and
the problems attendant to foreign CAS imple-
mertation and administration eliminated or
reduced, by implementing one of the two alter-
natives suggested. Total exemption wouild
greatly facilitate the contracting process and
business relations in the international
environment. Modified Contract Coverage would
providae partial relief, while reracgnizing the
CAS law's basic consistency requirements.
Either of these options are easily implemented.
Experience indicates that attempts to impose
requirements beyond these alternatives becomes
significantly more difficult to explain,
negotiate, administer and enforce.
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A CONCEPT PAPER ON TOMORROW:,
ACQUISITION AND SUPPORT OF THE TOTAL FORCE

Captain Robert D. Materna, Air Force Acquisition Logistics Division
Wright-Patterson AFB, Ohio

PREFACE

This article is a by-product of a considerable States national security interests. The
amount of research conducted by personnel from objective of this policy is to insure that
the Air Force Acquisition Logistics Division an approprirte balance is achieved throughout
(AFALD) into the field of International all phases of planning, programming. manning,
Logistics. Within the AFALD it had become equipping, and employing the components of
apparent that recent trends in International the Total Force, so that United States
Logistics were causing numerous new and ntional security objectives can be most
uniqup management problems associated effectiveiy , -4 efficiently achieved (4:39).
priar .ly with the acquisition and support of
new sys.evr., Accordingly, a study was Given the above definition and a clearly
directed to systeratically identify exactly stated objective, the question ther, oecon'es:
what was causing these problems, followed by How does one insure that an appropriate
recommended action for achieving near, mid, balance is achieved throughout all phases oi,

and long term solutions. The study team planning, programming, manning, equipping, and
attempted to follow a tcientific problem employing the respective components of the
solving process, but as in many real world Total Force? lhe answer of course, is through
situations the most difficult task was in internati'il cooperation ... disciplined
def;ning the problem. As the study progressed, and resolute cooperation ,iKLiv,,Ltud by Lhe
however, it became apparent that many of the very survival of the components. Although at
proble:ms resu~ted from the fact that the this time there may be no "Master Plan" for
Departrront of Defense, as well as civilian acquiring and supporting systems on a fully
industry, lacked d comprehensive set of cooperative basis, there are many indications
procedures for meeting these new trends .... that top level policy makers are moving in
Traking it extremely difficult to carry out this direction. Key concepts such as
some of our latest foreign policy comitments. 'interoperahility", "standardization",
This real ization stimulated further research "codevelopment", "coproduction", and
into US planning for the future, which in "cooperative logistics" are bringing the
turn led to this paper on acquisition and United States levels of magnitude closer to
support of the Total Force. Coincidentally, the other components of the force. President
the remults of this research are appropriate Carter's proposal to NATO in May in 1977
.'or the theme "Working Tomorrow's Contracting provided a vital stimulus to this concept

and Acquisition Systems Today". Indeed, the when he called for improvements In coordinated
findinIs of the study indicate that if we are national efforts, and emphasize the impor-
to achieve the security needs of the future, tance of improved cooperation in the develop-
it is imperative that the Department of ment, production, and procurement of
Defense, as well as the conmnercial sector, standardized alliance defense equipment. In
structure their planning around the concepts response to this proposal, the defense
addressed in this paper. The following ministers developed short and long term
discussion is a summary of the key elements initiatives highlighting cooperative defense
of this extremely complex and overwhelming improvements. Without going into detail
concept which is being developed in substantial on the content of each initiative, let it
detail to be published this summer. suffice to say that each task addresses a

deep concern within NATO ranging from the
THE CO' "PT preparation of collective need statements

to improved logistics support procedures.
Closer to home, secretary of Defense Brown

Let us begin by defining exactly what is recent;y issued a new DOD Directive 2016.6,
meant by the term "Total Force". Total Force Standardization and Interoperabiiity of
is defined as the sum total of active and Weapon Systems and Equipment within the 11orth
reserve components of the United States. those Atlantic Treaty Organization (NATO), and
of our allies, and the additional military has requested the services to examine and
capability of our allies and friends made rerort on opportunities for more common R&D,
available through local efforts or through greater interoperability and standardization.
provisions of appropriate security assistance and for buy ng, licens ng, )r co-producing
programs. The Total Force concept is expressed European as .. '" . xp.'' '- create

* as a Department of Defense policy which more of a two way street (2:5-!'..
recognizes all components contributing to iritiatives are certainly important but ,
the de'errence of war and protection of United lotal Force Concept is not limited to NA'O,
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i and this fact alone requires a significant system.

The last, and possibly most complex process,
What this all adds up to is that new trends involves establishing and maintaining an
are upon us, and comprehensive reforms are effective cooperative logistics support base.necessary in our acquisition and support To develop such a system would require extra-

procedures. The first step must be to ordinary effort to plan, negotiate, and Iwwle-
establish a cooperative requirements process ment cooperative supply support procedures,
for identifying, evaluating, and prioritizing cooperative maintenance plans, cooperative
collective operational requirements to facilities plans, cooperative technicel data
justify the initiation of major system management programs, cooperative transporta-
acquisitions. This process should identify tion and handling plans, cooperative training
the area; project the threat; identify programs, and an extensive management informa-
existing capabilities to meet the threat; tion system, to mention just a few. Specific
identify deficiencies in that existing examples within each of these area could be
capability; identify constraints; assess discussed at great length; however, let it
the impact of not acquiring or maintaining suffice to say that the task of establishing
that capability; and lastly, establish a an effective and truly cooperative logistics
plan for developing and acquiring systems system is overwhelming.I to meet the proposed threat. Already we

are seeing evidence that this is beginning to Although the underlying theories expressed in
happen. Within the DOD we have seen signif- this concept are not new, the overall concept
icant changes in our requirements process is so complex that volumes could be written
which require us to consider existing about the advantages, disadvantages, and
sources outside the United States. On the potential implications of each element of the
other extreme, we also have procedures for process. To be sure, this relatively simple
developing systems specifically to meet concept is fraught with difficulties. Toforeign needs. mention just a few would include the realities

of group decision making; existing legal
We are all familiar with foreign governments restrictions; fluctuations in currency;
purchasing US goods and services to meet their di-lferent funding processes; the release of

defense requirements, but we have not proprietary information; the dissemination oft; requenriy beei the opposite take place. If technical information; delays in feasibility

we are serious in our efforts to support the studies; differences in threat estimations;

Total Force concept, we will all be seeing and the basic fear of losing jobs to foreign
Pore of this as we continue to seek collective competitors (1:51-52; 2:11-12). Against these
solutions to meet common needs. very real concerns we must weigh the advan-

tages of international cooperation. In
The second major element in this overall addition to obvious advantages in doctrine and
system must be to develop a cooperative operational employment a natural by-product
acquisition process for converting these of this process would be built in interopera-
needs into articles and services. This bility and standardization. There would
process should follow a logic similar to that certainly be economic benefits resulting from
of the US acquisition process consisting of increased economic order quantities. and
well defined phases, separated by key the multiplier effect could become extraordi-
decision points. This cooperative acquisition narily effective.
process should be tiered, consisting of
sequential levels of cooperative involvement Despite numerous disadvantages and advantages
ranging from cooperative development, through to this concept, the bottom line Is that we
various stages of licensing and cooperative really do not have any choice. The time is
production. right to follow the administration's bold and

innovative proposals and to establish
With some restrictions, practically every new procedures for collectively identifying,
tactical system being acquired by the US is acquiring, and supporting common needs of
subject to consideration for some degree of the Total Force. To be sure, the intent of
cooperative activity. Perhaps the most noted this proposal is not to proliferate the
example is the multinational F-16 US/EPG acquisition and sale of arms ... but rather
Program. In fact, Secretary of the Air Force to reduce inefficiency and the unnecessary
Stetson noted that many foreign governments use of resources which could be otherwise
view the outcome of this arrangement as a dedicated to achieving other national or
test of US sincerity,.., and are looking to it international objectives.
as a demonstration of US willingness to
cooperate (3:56). Numerous other examples of SUMMARY
coproduction could be discussed, but
unquestionably the precedent for cooperative
acquisition has been set. Let us now proceed The theme of this paper can be summed up by
to discuss the third element of this overall stating ... as we look to the future we can no
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longer afford the luxury of procuring and
supporting hardward individually. We cannot
afford to do it in the US Air Force, US Army,
US Navy, or US Marines. We cannot even
afford to do it across the US Department of
Defense. We must look to how, when, where,
by whom, and why new systems will be used and
as we do so it becomes obvious that the
answer lies in the Total Force policy. In
much the same manner as we have seen an
evolutionary shift from Grant Aid to Foreign
Military Sales, we are now experiencing a new
trend toward increasing international
cooperation. Therefore, as we seek solutions
to meet the needs of the future, we cannot
fail to accept this very real concept on
tomror-ow.
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t A HISTORY OF MULTINATIONAL COLLABORATION FOR DEFENSE PROCUREMENT WITHIN
THE NORTH ATLANTIC ALLIANCE -- CONSTRAINTS AND POSSIBILITIES FOR THE FUTURE

Robert R. Foxcurran
The Boeing CompanyU

ABSIRACT the board. It ;s this unequal bargaining posi-
tion, combined with the differences in priorities
that makes transatlantic compatibility of the

This is an analysis of the evolution of multi- defense/aerospace industries so difficult. Even
national collaboration for defense procurenent though there has been an important new factor
amongst the 15 members of the North Atlantic introditced--the change in the U.S. policy toward
Alliance, in order to provide historical depth NATO--this general situation will continue in the
and a broader perspective for present and future future, be it somewhat modified.
developments in this area. Particular attention
will be given to the nature of the environment The pattern of the European F-104 replacement
and the accumulation of experience in the orga- choices portrays rou(ihly the constraints and the
nization and management of multinational con- two dominant treids in Allance armaments colla-
sortia and licensing arrangements. boration. First, however, if a nation can still

go it alone through the sufficiency of the size
The roots of the problems facing Alliance col- of its own national market or by developing an
laboration in defense procurement research to extensive export market, as with France's Mirage
the very core of the international political series, it will. Only then if it can't, will it
order--national sovereignty, and its manifesta- attempt to co-develop a system on a parity basic
tions in national defense and national economic with one or two other allies (MRCA). Although
policies. The tariff liberalization in Europe this results in increased costs to a given sys-
starting in the late '50s led to the need to tem, it is both cheaper for each nation than
develop non-tariff instruments of national unilateral development, while also supporting
policy (large national firns in either public the national technology base. If the extra
or private ownership) in promoting national cost involved in co-development is not feasible,
welfare and development and the necessity of then the remaining option (short of purchasing
concentrating national industries through mergers the system) is licensed production of an ally's
so as to better deal with the increased exposure system so as to at least minimize disruptive
to foreign competition. This 1.as meant that the BOP problems and maximize domestic emoloyment
national state industry relationships have taken (the F-16 consortium). The first choice of
on an increasing particularism as they have moved going it alone has been primarily a U.S. option
toward more of a one-to-one correspondence, often (although the new U.S. policy changes this some-
resulting in structural rigidities that hinder what); however, also one that is sometimes open
transnatlonal collaboration and the efficient to the U.K. and France, and even occasionally
reallocation of resources internationally (i.e., the FRG and Italy. More often than not though,
greater economic integration), these European nations have increasingly had to

resort to the co-development option, or in the
In Alliance armaments collaboration there must case of the smaller nations and often FRG and
be compatibility of industry-to-industry, Italy, licensed production or minor sbbcontracting
government-to-governent, and industries-to- role.
governments. Collaboration can be blocked by
any one of the four (or more) parties' narrowly The general framework for NATO procurement reflects
defined perception of self-interest in its inter- the constraints referred to above. On the inter-
nal or external markets or its national defense governmental level, although the North Atlantic
requirements. The defense procurement environ- Treaty Organization has been invested with jurld-
ment of each ally is unique and may limit or ical personality and the privileges necessary to
foreclose the leverage of the other governments perform its diplomatic tasks through the 1951
and firms. Each part is thus faced with a Ottawa Agreement, the member States have never
higher than normal degree of risk and uncertainty shown any desire to delegate to any entity inde-
due to greater exposure to the unilateral actions pendent of themselves, the necessary authority
of any one of the foreign participants. to carry out the purpose of the treaty--defense,

defense procurement, and logistics remain a
Therefore, with the U.S. aerospace/defense Indus- national affair. This is the reason behind the
try dominant in the world market generally, and failure of NATO's own internal weapons procure-
its largest single market in particular (the U.S. ment procedures, through the NATO Basic Military
market), it is natural that there is only limited Requirements (NBMR's, 1959-66), which led to the
interest in taking on the extra risks and loss of abolishmenit of NATO's Armaments Committee and the
sales involved, simply in order to gain access establishment of the Council of National Armaments
to Europe's smaller, less penetrable mark3ts. Directors in 1966. This resulted from the recog-
Although the Europeans need access to the U.S. nition that all Alliance authority rested with
market, they have less to offer in return, across the national governments, and if Alliance armaments
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laboration was to be promoted, it would have requirements and doctrines, regulations,
to be done on a more limited and realistic fications and practices, as well as workir

Itsi . "NAlO has no permanent procurement role, with firms with differing capabilities, Prior-
n o established procurement regulations, no ities, standards and practices in the orqan,'-
generally applicable standards on which contrac- tion and management of inultigover ment/multi f, i
tors can safely rely, and on which they can efforts. The seven patterns that will be
predict costs and perform forecasts."(l) Never- elaborated on throvogh case studies are: (1) i
theless, the Alliance does provide an ideolegi- single European nation's firin(s) producing an
cal banner, . structure for the planning and A.erican system under license (the simplest cf
'A,'dination of the member states' aried forces, th, patterns). (2) Licensed production by
and as an information and coordination conduit, multinational conzortia of a U.S. system unde(r

f facilitating ad hoc government-to-qovernment license, (3) A U.S. firm as the licensee, whichi--
aqreements for defense procurement. unlike licensing the other way--also involves

T predevelopment (Americanization), (4) European
"NATO" programs are the result of inter-govern- multinational codevelopment and production
,ivental agreements covering two subcategories: f," bir las been the most significant of thesv

,) 'eapon projects consisting of any two or patterns), "' Transatlantic codevelopment
"vrp 'epber states; or (2) special infrastruc- (which has proven to be the most difficult of
tore roj,,z '",-nded by all 13 DPC members. For the patterns), (6) General of":-r. ore.curement
the ,eapo' ;;.es, these inter-govermiental agreements for single nation purc' -,ses such as
.roupings set up: either their own NAO-charter- involved in the FRG purchase of the F-!, and (7)
ed NPLO's (NATO Production and Logistics Organi- U.S. led multinational production consortia
zations with a Board of Directors, consisting (involving no codevelopment) contracting with
of reprisentatives from each participating both U.S. and European govermnents in an ad hoc
qovererit, and an inter-goverinental project grouping, or the whole Alliance, and includinq
!4anagement Organization; or simply as interna- the F-l ICE-HIGH, NADGE, and NATO/AEA'tC.
t~onal Steering Committee, involving no legal
rntitv and reling on one of the participating The present 'J.S. government policy has brought
nhti)r, t., perfor; the procurement function. about the introduction of more diffuse All:,-,.

considerations in equipment selection dicu,
In NAlO infrastructure (invelving Alliance-wide sions. For the U.S. aerospace industly, this
.urieinq) ordinarily the government of the host increases the need to better understand past
natior (where the construction is taking place) arrangements and oroblems in Alliance collabor:-
car~s out the procurer~nmt function under the ton, so as to be better able to hedge their
supervision of NATO's standing Infrastructure positions in the U.S. market and to gain leve"-
Proqress and Payments Committee. This involves age in the European national markets by further
several special procedures like NATO's Inter- developing their relationships wvth European
nAtlor,,il (o.petitive Sidd'ng rules (cin bo governments and firms. And as f , the DOD,
walve by unanimous vote of the P&P Committee), although it has already gone a I ng way in "fhe
.u(it of contractors by NATO's Interndtional development and impleientation of 'his new
-lVard of Auditors, and a Board of Arbitration policy, it will mean that certan previous
for izme.Althougih, in the exceptional cases practices will still need to l-e modified 1,o
,;* sud' "arqer, more ,omplex pro.ects as NA!)GE, as to be in l ine with the p- sent pol i cy.
N!WS and most likely NATG/ALW&C (AWACS), the
need F,), rore centralized management has led to
the creation of the internatinnal Management RE'ERENCE
~rvd,;izahs (NPL's). even here there is still

consider.able reliance en tile nationai proure-
ment ut .rritles. Therefore, the frawm.work with- (1) NATO Standardization and Licensing PoHic,
.n which contracting takes place is provided by Voltne It, p. - A Ges.ert, Pro-ct-
the national laws and regulations, and any Director, The General Research Corporation,
relevant government-to-government agreements. McLean, Virginia.

Where any two o, more a ,ed governments are r
procuring the same basic system and a m:ultina-
tioral industrial effort is involved, there are
seven principal patterns that industry-to-
industry relationships take within the Alliance.
These patterns roughly represent the types of
cooperation in R&D and production in which the
Alliance members' finns have been involved,
with variable degrees of success. Nevertheless,
the experiences of learning by doing have pro-
vided these Firms and their resrective govern-
Tent, with invaluable insight into the complex
set of Problems faced. This has involved lealing
with d:fep-irg national policies, militarj
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STRUCTURED ANALYSIS AND QUALITY ASSURANCE FCR SERVICE CONTRACTS

Lt Colonel Joseph E. Boyett, Air Force Logistics Management Center
Major Kenneth L. Gerken, Air Force Logiitics Management Center

INTRODUCTION Inspector are direct functions of the statement
of work and the oality inspection method.
This relationship allowed the AFLMC to focus On

During the past several years, it has been the the statement of work and inspection methods
policy of the Federal Government to rely in- since they were most amenable to influence by
creasingly on the private sector to satisfy its centrally established policies and piocedureS.
needs for services. This well known policy is The rationale was that contractor performance
expressed in the Office of Management and Bud- can only be measured through specific requite-
get Circular A-76 and is fully supported by ments. Further, the ability of an inspector to
the Department of Defense and in turn, has determine whether a requixement nas been met is
been implemented by each of the military ser- a function of the quality assurance method as
vices. Service contracts in the Air Force, for well as the measurab:l.ty implicit in the re-
example, amounted to over $1.3 billion in quirement statement, e.g., a requirement "to

fiscal year 1976 alone. As a result of this keep a room cool" is subject to measurement
trend toward contracting out, service contrac- error since cool is a very suxjective word;
tors have assumed a major role in day-to-day however, a requirement "to keep a room's tem-
operations of bases, posts, camps, and stations. perature between 68 and 72 degrees" can be
Contractors provide diverse services such as quite precisely measured. At this point, the
transportation, refuse collection, food ser- project scope was narrowed to zero In on (I)
vxces and maintenance of sophisticated defense ways to write statements of work which include
related equipment. Some contractors are useful and measurable requirements, and (2)
responsible for an entire installation support efficient and effective ways to determine whe-
function; for example, at Vance AFB Oklahoma, ther the requirements are being satisfied.
a contractor provides the full spectrum of
support services.

The move to contract services precipitated
numerous management problems. The Air Force
ogistics Management Center (AFLMC) reviewed a Approaches to defining requirements have tra-
large variety of statements of work and con- ditionally involved translating exiting
tract management schemes used by bases and methods or processes into a statement of work,
found numerous weaknesses. The most apparent hence they were Irocess oriented. Contractors
weakness was the ill definition of requirements were asked to provide satisfactory service
and consequent inability to measure true per- using procedures dictated by the government.
formance. The AFIMC, with HQ USAF support, In looking for a better way to write a state-
established an Air Force project to develop new iint of work, te AFLMC decided to take an
streamlined procedures which would focus a approach that would look at a performance,

contract manager's attention on key areas of a output oriented statement of work, rather than
- specific service contract. This paper des- procedures. This approach to service contract-

cribes, in general terms, the approach taken ing, while certainly not new in a conceptual
by the AFL.C in this project and briefly dis- sense, has not been widely reported on; there-I cusses the project's conclusions. The major fore, the AFLMC found itself in the position of
recomendations include a method of identifying trying new applications for old theories.
and stating service requirements so that a con- Field personnel were initially resistant to this
tract will accurately express the minimum concept since it Is a tL3UJMtic experience for
essential requirements and their associated a functional manager to be asked to describe
measurable characteristics, and a method for the service needed in discrete, measurable

assuring that the contractor has provided the units. Functional managers underestimate their
contractually required services, ability, thankfully, and our experience showt,

that they can define precise service require-
ments if they use P carefully structured analy-

THE CONCEPT OF QUALITY si2 technique.

Systems analysis, when applied to a proposed
Previous studies of service contracting have service contract, partitions the desired ser-
identified numerous factors which influence vice into sets of jobs which then serve as
service quality. A list of major factors focal points for defining a measure of job per-
always includes the contractor, the statement formance. From a contractor's view, the ser-
of work, the government quality inspector and vice contract requiras that the inputs - people,
the quality inspection method. The performance facilities, material, and the government state-
of the contractor and the government quality ment of work, etc. - be integrated into a
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',roducl ioti finctioii (process) which produces the job, what happens to the inpuitm durit I!:-
t le cout ictually required Outpiit servicens, work proce.-s, and what menurablv job ,tit l 0
'The rolitrusclor uses quality control mothodu, as Ls created by the work process.

ocovitiol loop, to measure uutpt services
.10 iis' retquiromeiitus, identify out-of-tolerance di. Job Classiticiti. Tha cla'jstflic,' j,,'.

nr o,.tid radke corrective .iction to bririq :'l 1C 5" a dcTl 7. F" r" I ot wita ich r e qil i r'.-:, m, A
tilit- wo~frk.'ct. back into control it nubstand- ailnnl. to tiecide whrither it: wantntn a r--.tY.ati

'ir servics iro produced. 0. proi drt at tiervi( crw Vrtain 011 Z.twt ri,

in -luu)WO'. Thicl d1!cif,l pJT it iL, 11 d , 't
Thiis qf4enLAJ view of t licrjicL'contract permits 6)n rltract corl: lirowth which. troquciLJy
the ii!.' ot structured analysis to define the 0' ciurt; as matnap-irs finid new jotl whir h they
nitput. serican of the procos; and the standaulls want, added Lo d basic contract. 1t;tfc,

!;irbA.tted with that output. An Linambiquoun ion makes thest. additions a con:tsLous dc-
SiAin otof a loh permits the measurement of Sriil.

t:,j:,' 1,y boll, ttio contractor, from a proce.ss
'.itv.'i ewprv~lt, and the qove~iiiiiint-, from an C. Daisa Gittherinq. Worklond dat~ iF c uc
;~***p ~' I.set v'ce vrvon.for each job clnAsiiified as a coot jot,

and government furnished resources oti1-r'
:;tated. Contractors need this jnfotmstlo in

OVmHiivtw OF' THlE ANAL.YSIS M~OD order to prepare a reujE.ontsive and roaltiiic
_,id. This Informsation also bticom-.u; an -';s, 0-

iil part o)f the govnornment's quality a!"tr
"he development of a pu'rftersance oxiented state- arre p ar. described later.
mn iit of work and the techniq~ren for quality
mt; uraicii !survelllancet !tartst with atrict urpd t. Performdance Analysi!i. The jot. tii1v!,i

anl s. Stnctured analysis prcrvidu; hri rstrp produiced sitttemenir which described
nafsir: for writinc; a etatemei: oof worl by1  ieasurab.e output- which are arsocintAi~ With.
asuemhl ing till the essential intors'at.ion des- each lrih. This sl.p coliVcrrii, those outptii,
--riptve of each elemoitt of service to be per- into pei formance values which include th-
formed. Tht steps in the AFLMC approajch to deal red renponsp l:oi~ahter with a ranqvt )f
analysts ar-e descr ibed b)010w. icoepi-abI o vairre:i around the 'lesited r. :poruw;.

Tisphati At s1. pla-ed on .itari1n9 the riru
;3. Or tn.izationia. Thre piocess of response in terms, whi-h f.Crmilt ohI cLivt
analy:sis s;tarti; at the macro level. of organi- iioasuremernt. Trhe tfeoburIq;,1 fon thc-;_t

airi(, nalysis. 'rho cxistinq in-housf- inert of work writer to stater wi, -;tard,,rd j>
oro.'ois examined to see how it is orgarkiz- associated with ant element ot sce. :ice, hew 0)

a- t-_..,1 itu jokb and data is qathered service can be measiirfd, and Whu,-i al lowaL !~ih escribes and measures, in a general way, roratorcnptbeqai;1velanh
the services currently pirformed. Vehicle pr+-eet before a servi,7e becomre;: iim.:ii~jafar'-
rtaintrnarcc or inventory management are exampl~eu tory.
rthe way in which services are initially

descr t bed. q. Governing DirectIve Analysis. Historie.uly,
service contracts have Included a statement

bi. .Iob r.,efiniLion. Organizational analysis of work which tries to replicate the in-hou,.
provi'des macro level statementz, of service out- opt-ration whiol, ii i: , to replace. Protnd i:-o
put, h.iwreer, these statements are vague and impositi.on of. miilitary ftctionatl procree;
cannot br measured. These miacro level services *:rentou an -iivjronint. in which the stervice
do provide excellent guides to critical service .,ontrac:tor Is inhibited from devisingj rost.
requirements which can be broken Into their efffeci~ivc! apprrauches which provide ti,' d1esirer'
constituent elemento by dr-fininq the work pr- ;crvice. Duringq i-Iis analysis the fuweitii,a1
C-ases that make up thi ,cro levcl selvi.ie. wrager req1 ':' riijnq 'he service contiratot iS.L
For example, the major- ;,. oce3S Of iniventory ocdto cat: ie ' .U directives 'hitl pet

tmanagement has aF; constituentL olument-i suc!h tain to the serviL-, wfleh air(- ised tor in-
work procesnen as stock orderinq, warettoitsing, ticiase operations. Thentz direc-t ivni- a; he
stocir issuance, and stock accourrtlnti. Each of' (xamijierl to detiermiire lif theiy are a~n;tl
these work elements can be btroken into 1tmaller rtjriiY+d to naijtfy Onto or morer mea-juret, of
elements nf siervice. Job definition is com- job) poifttrmanct.. This step to tii.no, to.
plete when the total service ne'-e is broken into r- that- a (Iirective wil I I ot he tnr'ludv-11
discrete job!%. .where each~ job -can be kinambiqu it tl.' :;t,,temeft of Work rth:,;%n 0i 'lte
ously definei and possess the potential for ur'.o't I

h. Drduct Analysis. Sfrvi,.' ,'
C. Job Ana'ypie. Job analysis Is conducted to varllbly, failI to provide one or mtirn,
claarl define exact job outputs. This a a, ivi ty .-f sprvice- oin th-, governmont nmst i

1*4, payi-,
includem a th-irnugh analysis of "arli job's in- for servicot; lh..hta-it iot b:epn 'e.t I'a
Ilutm, Iocoan, and output factorm. Thin vety sntint'AC "ry mariner. 11tiF I Ili c* -' iou 10 t

r i lcol1. nstop to crisp I to when *.itci1i Job hnoe been i itrcui me'lits sitlt 1h.
r'r 1iin terms o thu action wlhi,') starts w 'le l Itis' he oI 3in t;!rt wi 1
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specific job outputs discovered during job establish process control procedures which

re S = :urc - o . := inpt.Th aalstthn erve the .vic cnta: or who claim th goenmn md-

analysis, their frequency of performance, and should reduce the numerous complaints of ser-
resource, input. The analyst then derives the vice contrac-tors who claim the government med-

)ercentage of cost contribution which each job dIles too much in trying to dictate process
makes to the total contract effort. lWhen a methods. Attribute sampling has been used
service is not performed within an acceptable most widely in applying this approach to
quality level, the government is now in a acceptance sampling, however, variable sampling
position to make appropriate monetary deduc- can be easily incorporated if it is appropriate.
txons from normal contract payments for Attribute sampling satisfies most of the needs
specific non-performance. These deduction for monitoring service performance since it can
percentages along with the performance values be applied to either job standards which can
are placed in the statement of work and be- be precisely measured, e.g., temperature of

-, come a part of the contract which is awarded wash water in a kitchen; or to job standards

after bidding. which are more subjective, e.g., food taste.
In addition, Military Standard 05-D, "Sampling

The structured analytic steps bring a macro Procedures and Tablej for inspection by Attri-
statement of requirements down to micro level, butes," is an excellent reference for develop-
measurable outputs. Each of these outputs is ing service contract surveillance plans. This
described in terms of the performance charac- is particularly true since the structured
teristics that are critical if the objectives analysis tectLnique permits clear definition of
of the service contract are to be met. Know- output services, demands the statement of
ing the exact deliverables in the contract standards, and force, decisions about accept-
permits the definition and construction of a able quality levels. in other words, the
quality assurance program that will assure tnat vague expression "service" was refined through
delivered services meat requirements prior to the steps described earlier into discrete ser-
their acceptance. vica elements called jobs, where each job

had associated with it a set of measurable per-
formance characteristics. These performance

SERVICE CONTRACT QUALITY ASSURANCE characteristics collectively are used to deter-
mine whether a job has been satisfactorily
performed. Attribute sampling when applied atA major difficulty in service contracting stems the service acceptance decision point allows a

from imprecise statements of work and inade- government contract monitor to efficiently and
quate methods of contract surveillance. The effectively evaluate performance by answerihg
preceding par' of this report described in yes or no to simple statements about the per-

F general terms a technique for making a state- formance characteristics.
R ment of work more precise. This pt:t of the

report describes the quality assurance techni- The major product contained in a surveillance
que developed by the AFLHC for base level plan is the sampling guide. The sampling guide
service contracts. The approach has been ex- bringd-together the MIL-STD-105D sampling plan,
tensively tested with existing service con- information on how to draw a random sample to
tracts and the system is now being implemented select those output services to be checked,and
throughout the Air Force. The key document an inspection procedure for checking the outpt.
that implements the concept is a surveillance Once constructed, this document contains all
plan. This choice of nomenclature serves to the information that an inspector needs to do
distinguish it from the traditional checklist the job when random sampling is the method
method of contract surveillance since a sur- chosen to check the service output. The major
veillance plan os designed by the AFLMC is an components of the sampling guide are explained
organized, planned approach to quality assur- below.
ance.

a. Acceptable Quality Level. MIL-STD-105D
Quality control models are generally broken describes the acceptable quality level as the
down into acceptance sampling and process con- maximum percent defective which for a service
trol approaches where each model would use contract is translated to mean the frequency
sampling by attributes or variables as appro- with which a service tin be performed unsatls-
priate. Acceptance models aid the purchaser factorily and still not cause total rejection
of a peoduct or service in determining whether of that service. Many functional managers
the product or service satisfies minimum initially find this bothersome since they want
standards. This model description fits the everything 100% correct all the time. Most
government's needs exactly since a major ob]ec- functional managers eventually realize that
tive of this entire approach is to determine there are only two ways to get suzh service:
whether services satisfy specific requirements. (1) by paying an exorbit&nt fee, or (2) by
A contractor, however, is concerned about the setting a low leel of quality. This statement
work process itself and therefore would logic- of acceptable quality level is an excellent
ally establish a quality control scheme using feature of this overall approach to service
process control techniques. This approach contracting, since it forces the functional
focuses the government's attention on accept- manager to make conscious decisions and trade-
ance of services and allows the contractor to offs between service quality and cost. The
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data developed during performance value analy- source of parts delay. Problem locatio:. is

-is is the source of acceptable quality levels not a direct part of the sampling guide. How-
tor the sampling guide. ever, it is part of the surveillance plan

and is necessary before any decision can be
b. Lot Size. Lot size is an estimate of the made to accept or reject the lot of serv~ce
total volume f jobs for a particular type job outputs.

and time period. For example, the number of
reals served in a dining hall during a month

:ould serve as the lot size for sampling pur- OI;CLUSION
,,ses. As noted during the analysis discus-
sion, the technique calls for data gathering
about workload by specific service output. Tnis paper has described the approach taken

Th-s %)rkload or frequency data is the source le" the AILMC to resolve many of the historical
*. ', lot size. problems associated with base level service

contracts. In particular, it addresses a
-. sa:nie Site. MIL-STD-lOSD is used to oh- method to insure acceptable service, whose

rain the -pj. .Lcpe size based on lot size ma~or components are a definitive r, ' -ent of

and other statistical criterion. For example, work and a quality assurance technsqt,.
if the lot size were 185 jobs, the month's Structured analysis, with its step by srtp
sample would be 32 jobs using Inspection Level procedures has been described as a means of
II and the single sampling plans for normal defining specific service outputs and their
inspections contained in MIL-STD-105D. associated standards. A quality assurance

surveillance plan, based on MIL-STD-lOSD
d. Sample Procedures. Single sampling schemes techniques, has been proposed as the method

have been used most widely in current contracts to perform acceptance sampling of tht service
developed under this approach; however, other output. Analysis end the surveillance plan,
sample plans can be adopted without loss of when taken together, answer ;ersistant que -
generality. The sample procedure requires tions on how to succinctly state -requirements
that each service job within a lot be uniquely and measure progress toward satisfaction of

identified which can be accomplished by sys- these requirements.
tematically ins:ecting every i'th 3ob, by
assigning job numbers to every service job,
or other plans which preserve the random nature
of the sample. Random number tables are pro-
vided for use in those situations where jobs

have unique numbers.

e. Inspection Procedure. Attribute inspection
requires the statement of definitive criteria
which is used to determine whether or not a

service .eets a standard. These criteria,
deveiopec during the performance a,,alysis step,
now become guidelines used to determine whether
a specific job has bon satisfactorily perform-
'd. The standards along with a written proce-

dure for the inspector's use in checking the
cervtce becom-e the inpection procedure.

C. Per formance Criteria. MIL-STDLO15D des-
cribes specific acceptanr- and rejection nurm.bcn-
based on sample size an cceptable quality
level. As inspection pz resse5, a simple
tallyof the sample observations of service out-
put enables the inspector to determine if a lot
or group of services is of acceptable quality
by comparing the number of defects discovered
with the acceptance and rejection numbers.

g. Problem Location. Service contracts call
for many interfaces with on-base government
Agencies. Froquently, factors associato: with
those Interfaces can cause a contractor to
providn unareptablr servicu. For example,

It the tatement of work required the coi" ac-
tor to use the government supply system t.:

repair parts, a low equipment ln-rocrznnmion
rate c. :ld only be chargeable t',. the contractor
if *he iovernmont supply system were not a
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LIFE CYCLE

MANACEMENT OF THE EMBEDDED COMPUTER SYSTEMS

SOFTWARE ACQUISITION PROCESS

Jerry K. Wation, Hq Aerospace Defense Cowmand/XPD, Peterson Air Force Base, CO 80914

Yildirim Omurtag, Engineering Management Department, University of Missouri-Rclla, Rolls, HO 65401

ABSTRACT continue to rise In the forsecable future. In

some recent major programs the cost of embedd-

ed computer software has been three times the

This paper explains the process of acquiring co:t of its accompanying hardware. It has
Embedded Computer Systems (ECS) within the been estimated that DOD annually spends from 3
context of the Department of Defense life to 3.5 billion dollars on the various forms of
cycle acquisition phases. The major object- software. Approximately 55% to -- of these

ive of the paper is to provide a description dollars can be classified as weapons systems
of the ECS acquisition procecs in its current (embedded) softwsre costs. (1)
state. The acquisition tasks and hardware/

software interre!ationshlips are described The spiraling use of embedded computers in
during each of the phases of: concept major weapons systems has not beer. accompanied

formulation, validation, lull scale develop- by appropriate management techniques, tailored

meat, production and deployment. The paper is to the unique en tronment of acquiring embedd-

intended to cover the acquisition process from ed computer software. This lack of management

a conceputal point of view by focusing on the response based on a clear understanding of the
interdependence of hardware and software acquisition process within both DOD and

development, industry may be the reason for the escalating

cost of software within the DOD. This article

provides a descriptive model of the ECS ac-
INTRODUCTION quisition process in furtherence of under-

standing. The focus is to introduce the
concept of an interdependent system for hard-

Today, almost all major Department of Detense ware and software development for Embedded

(DOD) weapon systems such as the Trident Computer Systems.
Submarine or the F-15 Air superiority Fighter
are critically dependent on the proper
operation of Embedded Computer Systems. A key THE EMBEDDED COMPUTER SYSTEM MODEL
component of these electrical-mechanical

systems has become the computer and its

integrated aoftware. TRADITIONAL LIFE CYCLE PHASES

An Embedded Computer System as used within the

DOD is a system which is dedicated to a Department ot Defense Weapons systems gener-

specific function within a larger system whose ally gothrough five phases during their life.

primary function is not data processing. ThE Iiases in sequence are: Concept Formula-

There are two key characteristics of Embedded tion, Program Validation, Full Scale Develop-
Computer Systems, which distinguish them ment, Production ard Deployment.

quite well from other computer systems. In an
Embedded Computer System the hardware and soft- Before a new system can be seriously con-

ware are designed and developed simltaneously. sidered for acquisition some change in the

In non-embedded (general purpose) computer environment must occur. The military threat

systems the hardware is developed to be may cl.ange or technological advances may be

compatible with a multitude of programming made that allow significant increases in

purposes. The embedded computer ac,! ita soft- military capabilities. Existing systems may

ware are developed as an integral part of the be aging or deteriorating. Many different

much larger electrical-mechanical system. changes may occur in the environment simul-

Another characteristic of note is that the taneously, but the key is that there must
embedded systems are mobile. That is, they be a felt need before a new system can be

are within a moving system with all the conceptualized.

implications of miniaturization, cooling and
power reaeirements. (5)

DESCRIPTION OF THE MODEL

One of the most perplexing and urgent problems
now facing the DOD is how to control the mush-
rooming costs of the software needed to Cohcept Formulation. During the .:cncept

operate Embedded Computer Systems. The DOD Formulation Phase the emphasis is on.

now spends billions of dollars annually on whether or not the felt need can or should

software. These costs are projected to be established as a firm requirement.
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Varxous studies are performed to determine if last part of this phase results in a con-
the envisioned systems are technically/ tract definizion to be implemented during the
economically feasible and if it can be pro- Full Scale Development (FSD) Phase.
duced in time to realize the desired benefits.
Concept ormulation can be considered both a Most authors who explain the acquisition of
defining and a weeding out process. The software (including embedded computer soft-

major output of this phase is a description of ware) do two things. First, they ignore the
a system which will fulfill the operational hardware or only make passing references;
needs of the user. A key attribute of this second, they start the Concept FormulAto r

phase is the minimal expenditure of funds. Phase with the analysis of software require-
ments and carry this analysis through the

As shown in the Figure, a system (project or Validation Phase. The Development Phase then

program) must pass a series of hurdles prior starts with coding, testing, debugging, and
to completing the concept formulation process. parallel design efforts. Although the above
These hurdles are designed to optimize the sequences may be desirable, instances of this
alternative approaches to the problem solution, sequence happening are very few and far be-
The primary emphasis of this phase is on the tween.major weapons system (aircraft, missile, ship,

etc). The subsystems (such as embedded Some analysis of software does occur during
computers) are considered from a functional the Concept Formulation and Validation
viewpoint. Only if the major system passes Phases; but compared to the detailed studies,
the hurdles of concept formulation is it analyses and even exploratory development of
appropriate to expend funds to determine how hardware; software studies, are so minimal as
to achieve the subsystem's performapce. to be almost non-existent. Software ts

studied and analyzed only enough to establish
Validation. The Validation Phase was formerly two facts. rFirst, the system can and should
called the contract definition phase or pro- be controlled to some degree by software;

ject definition phase. During this phase second, approximate software sizing actLvi-
only the minimum preliminary design and ties ;are accomplished to give a rough order

engineering necessary to define the system's of magnitude of the job and software costs.

performance is accomplished. An analysis and

evaluation is accomplished to determine the Boehm in his often quoted article referred

technical and economic adequacy of the pro- to the software as secondary to hardware.

posed system requirements. The completeness, His emphasis, however, was that software
effectiveness, and any dcficiencies in thn decisions and requirements should not wait

proposed by--em are evaluated in light o' the until afser the critical hardware decisions

users' mission. This analysis and evaluation are made, but should be accomplished first.
process results in a refinement of the original These facts lead us to the conclusion that

performance concepts, systems definition and the hardware and software activities during

performance requirements. the Validation and the Development phases
are in reality significantly offset as shown

After the major system has been treated, each in the Figure.

subsystem (e.g. avionics, airframe, propulsion,
etc) is analyzed, evaluated and defined in Full Scale Development. Because of the tim-

detail. The results of this subsystem activity Ing of software validation we now break the

is an operating concept, performance require- Full Scale Development (FSD) Phase into four

ments and a set of design requirements. These separate parts. In this phase of the
concepts and requirements are then compiled acquisition cycle, we will cover hardsware

into specification documents which will govern development, software validation (analysis),

all of the following development activities, software development and testing.

In parallel with the technical refining Hardware Development. The hardware phase of

activities are the detailed planning, cost FSD covers all the work necessary to build

estimating and scheduling activities. Plans one or more prototypes for testing. The

are made for the design, development, east, development of hardware can be generally

integration and eventual acceptance of each broken down into the stages listed below:

major subsystem as well as the overall system.
Detailed cost estimates are accomplished and 1. Preliminary Analysis and Design.
prel:minary schedules are establiahed. The
work of this phase is usually a joint effort 2. Critical Analysis and Design.

between the government and a civilian contract-
or (or contractors), at least for major weapons 3. Building of Prototypes.

systems. After design work accomplished
during the concept formulation phase is 4. Developmental Testing.

verified; the major technical approaches are

validated through extensive analysis and 5. Verification Testing.

possibly even some hardware development. The- %= 6. Validat~on Testing.
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During the preliminary design the developer 2. Preliminary Design.
and buyer gain an increased confidence in
the feasibility, cost and performance of the 3. Critical Design.
system through a critical look at the system
concepts. This phase does not normally re- 4. Code and Debugging.
sult in drawings for fabrication. Major
modules and their interfaces are defined. 5. De.velopmental Testing.
F, nctlonal flow diagrams are prepared. Gen-
era. layout drawings may be prepared. Brass- The basic tool building stage is used to
boarding aid testing of critical components build such support tools as compilers,
nay occur. Maintainability and reliability environmental simulators, documentation aids,
requirements are addressed. Preliminary plans test case generators, test data, management
for further development, test, manufacture, systems, assemblers, system exercisers,
Installation, integration and support are standards enforcers, special computer con-
deeloped. The results of the preliminary soles or ctl.er necessary tools. (6)
design review are inputs to the next stage,
whicl is the -itical design. During the preliminary desicn st.,ge, analysis

and tradeofis are perfor-aed to ileelOine
In the critical design stage the recommenda- alternative approaches to tile compute, pro-
tions of the preliminary design review are graming problem. Tha design approacn is
Implemented. The work in this stage is the selected during this activity. The pro-
detailing of design and analysis necessary ro grarming technique, such as top-down pro-
build the procotype. Detailed drawings foi grasming, ego-les programming or chief
fabrication and part selections are made. progra'mer team programming, is selected.

Basic packaging decisions are made. if the Compatibility requirements are defined,
bdasic processor has not already been selected such as interface definitions, timing,
in the preliminAry design phase, it will be message formats and available computei
selected here. Building of prototypes -I- memory. Other activities are:
thoug U-3ted separately, occurs during the
critI:al design process. Developmental i. Definition of Inputs/Outputs.

testiq also starts during this phase. Often
a nunber of preproduction prototypes will be 2. Designation of Programming Tasks.

fabricated to allow various activities to
ocur simultaneously. For example, because 3. Data Base Description.
of the delay (or offset) in the beginning of
software activities, the design, coding and 4. Functional Flows are Created.
inplementation of the software may occur
smultaaeously with reliability, environmental 5. Allocation of Storage.
and other developmental te.ing of the hard-
Sjare. 6. Costs and Schedules are Updated.

!lie end of the critical design stage will be 7. Development of Initial Test Plans.

, critical design review. The detailed de-
sign is generally completed at this point. At the end of the preliminary design a formal 
Because validation/verificatiton and integra- preliminary design review is held to deter- I
toa t erting require the integr.-tion of tie mine if tlh software development is ready

.oitware into the total system they will be to continue to the critical design stage.
coveted after 'ho software developient.

1)uring the critical design stage activities
Software Validation. The software analysis which are necessory prior to actual coding
starts with the input o' the overall perform- or the software are accomplished. The
ance specifications fo the embedded computer individual ..nd system program flows are
system. An analysl, I, perforned in conjunc- tinaled. Pr,,'Wnary test plans and
Lion wich the preliminary design of the hard- procedures are finalized and ubmltted (c,
ware to determine the software/hardware Inter- approval. A majcr result of the crtical
actions required to supply the system perform- (detail) design process Is the cowrpilation
ance functions. From these interactions the of 'he major portions of data necessary to
software operating and design concepts are describe the computer software product.
completed and documented in a software per- iqln data will become the proposed product
formance and design specification. :,pci l-atien at the end of th. vaidarlion

verificato' pro,.es..
Software Development. The actual software
development car be broken down Into five The critical derign review i. -.. tostageo. Insire the design is sufficiently tna'tie to

permit start at the actual coding. Also
I. Basic Tool Building. the tcesting provcedurer. and plane ;r(- . m.,..

fccus of this review. ,f
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During the coding stage the flow charts are complete and a true description of the
converted to lines of coded instructions. The product qualified.
programming process is usually accomplished on
a module or subroutine basin. The module or Production. The Production Phase may cover
subroutine is then desk checked for illegal the production of one item or of many items.
expressions, logic errors and deviations from In the case of a one of a kind item, the
programming standards. The subroutines or Production Phase is a continuation of the
modules are then put through developmental development process. In production of many
testing with the special software tools such items we have the traditional mass production
as simulators or special test cases. After line. The topics of acceptance and qualltv
sufficient modules have been checked out they assurance become increasingly important.
are then compiled and assembled into a larger
computer program segment which can then be In traditional procurement rodels, productiontested and the process is repeated until the is depicted as a block of time, after whichentire software program has been compiled and operation and maintenance starts. Actually
assembled and developmental testing performed. in a multiple item procurement operation and
The computer program now is ready to enter maintenance will start very shortly after the
the formal testing stages, first production item rolls off the assembly

line. The first item or items are deployed to
Thus far the principle outputs of the soft- the field and run through a sL.akedoan pro-ware development have been: (7) cess to certify that they are ,,erationally

ready. So we can see from the i~gure that
I. Computer Program Development Specification there are parallel production, deployment

and operational/maintenance phases. The
2. Test Plans and Procedures relationship of these phases is described

below.
3. Drawings

During production separate and parallel
4. Flow Charts activities are accomplished. The hardware

items are sequentially manufactured over a
5. Computer nput and Output Formats long period of time. The hardware is

sequentially accepted on a one-time basis.
6. Source Prcogram Statement (Listings) Activities necessary for the support of the

hardware and software are accomplished. The
7. Object Program tn Machine Language. software production activities amount to

nothing more than duplicatiou and acceptance
Testing. During the testing stage two types of the software programs developed during
of tests are performed -- verification testing the Full Szale Development phase. This
and validation testing. Verification testing duplication and acceptance can be accomplish-
is sometimes referred to as systems integra- ed in a matter of days.
tion testing. During validation testing both

the hardware and software are testing During the software support stage two major
separately against their requirements as activities can be expected to occur. First,
spelled out in the specifications. The object the technical writing and editing is
of this testing is to determine if the accomplished to complete the user maintenance
specified requirements will be met. After and operation documents. The second activity
successfully completing the validation testing is that of training the user's personnel to
the software and hardware are combined togeth- operate and maintain the system.
er and subjected to verification testing which
is essentially the application of input/output Training materials are prepared if they have
analysis to results obtained under a simulated not been previously developed during the
operational environment. Full Scale Development phase. The trainiag

program is then conducted. Training may be
The results are then used to determine the through briefing or formal classroom instruc-
degree of satisfaction of the user's require- tions. Two separate and distinct types of
ments. maintenance training must be provided for.

The user's personnel must be trained to
The testing phase normally ends with an audit maintain the equipment and the software.
of all performance functions. This audit is
Lied to document that the performance The last activity of the production phase
requirements have been met. Once the audit is the acceptance of both the software and
(Functional Configuration Audit) has been com- hardware. Previously during the development
pleted the system has been qualified for phase tests were designed and specified for
production. An audit is then performed to acceptance. These tests are designed to
establish the product identification. This demonstrate that the hardware and software
audit (Physical Configuration Audit) is used comply with their production acceptance -L
to verify that the technical documentation is requirements. When the equipment and
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sottaepasthi acptne etwe haemn.The revisi.ons, corrections,an

established with confidence that they will modifications are in essence a redevelopment
perfect; satisfactorily in their operational through the design, code an~d testing processes
environment, covered previously in the Full Scale Develop-

~J?±y?~en~ Depoymnt ctiitie tae pacement Phase. The Operation and Mainte~nancele l . Dplomentactvitis tke pace Phase for major systems usually run from 10In two different ways. First, in the normal to 20 years in length or even longer. During
sense each individual system must be deployed this phase thle system Is operated and main-
to the field before normal operations can tained, and modf Icat ions are made to update
start. The other deployment concept is that capabilities. Whet. the system call no longer
of initial system deployment. The initial fulfill its function (mission) either through

y'stem deployment activities are essentially age (degradation) or not being able to keep
&.rhakedown cruise. The system i.- taken to uip with changing threat, it will be considered

Lte field and Installed. In thle case of air- for teknv~ent and retirement.
craf. s-. tems, the equipment is normally in-
stal led' t the factory. Field installation The final stage Of a systes.'r- lte is retire-
aCtivity for a - t aysteias is generally sent from active us,,e e-Jitr through pi~rmnnent
concerned with the pLacement, check out of retirement or sale.
support equipment and other preparations for
support activities. Alter the SYStems and As stated earlier, one of the major obstacles
their support functions are in place, user to effective management for ECS It,:, been the
testing is accomplished. Thle purpose of this lack of msnagemc'it understanding of the comn-
testing is to assure that Lte system performs Iplicated asuisition p~rocess. Thle transferproperly in tile operational environnent under olkoldg n ndrtnin rmths Al
live c-)nditions. The output of this stage Is have some degree of expertise to those --ho do
a formal declaration by the user that the 11nt has been almost nonexistent. Thle manage 19-
systell is readly for normal operations mont of ECS acquisition represents a major
kinitial Operating Capability). problem within the. DOD and Industry.

2Oie rtion ,Maintenance and Retirement. Thle present educational process for DOD ECS
Operation of in Embedded Computer System 4s ~ managers isa basically a learn-while-doing
the performance of its mission on a regular process. A basic understanding of the
oaais. Because operation is so readily under- hiardware/softwarc interfaces must f rm thle
stood we will skip discussion of operational foundatirn for learning and improvinp the
actitvities. Because of thle unictiro differences management of tit. ECS acquisition process.
between hardware and software we must break The Figure is a synthesis of the ce opts,
the maintenance activities into two separate tasks and hardware/software interrrikation-
anid ralstinct types of activities, ships discussed earlier during th( 1i'

acquisitIon process.
Hafrdware as a component will degrade over use
and time. Mechanical parts wear out. in all cases software activities appear to
Elctricul components fail. Electrical lag behind the hardware activities. Hard-
chatac'.ertstics of components may change re- ware decisions atid activities are the driving

tqt:irltig electrical adjustments and alignments. force during Most F.CS AcquISitionS. 't!

Thle hardware maintenance activities are to Put valI dat ion/ver if rtaion testing activitlesthe equiptaent hack into thle physical condition are confusing ano fit need of clarifiotlon.(specifications) that it was prior to the This need for clarification ib allso indicatedfailure. This requires the use of technical by thle profusion of different deft ;itlinsdata, teuti,~ equipment and a spare prts found fin thne literature. Only Lt,~ mos
inventory, knowledgeable managers seem to have ani.i

appreciation for the importarce of softwarea
Software does not fail In t .0 satte way that ptodiiron process.
hardware fails. Software dem not degrade
over its use or time, It Is not subject to In the past, atteripts to deartibe and explain
the sudden and catastrophic failures that acquisition tasks have been overaly depend-
hardware is. One of the unique features of ent upon emphasizing existing rulet., regu-
software is Its consistency. In the opera- lations, requirements and documents to thle
tional phase the failures of software are not detriment of understanding. The P.CS a

a cessation of the program's ope!ration. but drl'nI ;Utin tasks moat be. explained in thle
rather thle recognition of errors which have getn' t erms of go~als t o be accomp' I"(.
been in tile software all along. So we can and how 1<, trriv( PL vth l .. 'ist a
say that the software maintenance activities technical Sense( Lathe' 1111111 1- 't
are the correction of errors and modifications adminintrative requirements. F'a%.
of the pr '.ran to Improve system capabilitier orgatnization hit-; differing adminml;tiat
4odificati is tire also Improvements which atandnrd4., aind explaining tasks It, o
C''. necese-iry to upgrade systems capabilitien, or('ganIization's requirements Is .'

b-ritiae o' the changing operational environ- :i'ndi ly ; rtnsicrahle to nother a~, .tin
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In furtherance of improved management ECS (7) "Nelson, B.A., 'Manag~mwnt Handbook forN
costs should be broken down into hardware, tbe-Eatimation of Computer Programing Costs."

software, and system costs. Hardware costs Systems Developmant Corporation, Santa
would be only those costs to develop and pro- Monica, CA (March 1976)
duce the hardware as a single entity. Soft-
ware costs would be those costs to develop
and duplicate the software as a single entity.

System costs should be all ,of those costs
occurring because the hardware and software
are wedded together as an integrated function-
iug system. In other words, those costs which

would not have occurred if softwarc and hard-
ware were not integrated into a single system.
In this way the ECS acquisition process can be4

managed with direct task/cost accounting
methods. To accomplish this task, an account-

Ing system which will separate the costs must
be developed. At present, few ECS programs
have an accounting system which shows soft-
ware costs.

It should be noted here that although the
field evaluation shows that this model re-
presents the current state of the
acquisition process, this model is not com-
pletely adequate for today's needs. The soft-
ware must be given more attention, software
efforts must start earlier, and a unified
systens approach must be developed for the
acquisition of Embedded Computer Systems.
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A AI1.C 1NC3WORATION OF~ DAMAG~E TOLERANCE AN~ALYSIS CAPAIJILItY

Captain George M. Marton, San Antonio Air Logistics Center
First Lioulginant H. Nd. Anstins, San Antonio Air Logistics Center

INTRODUCTION orgainiatiOnal structure within which this
capjability could effectively function we:. V" L-,
out I I ied. The level. of expertise and nir~herl

The objective of this study was to develop a of the personnel required to support the effort
plan to provide Air Force Logistics Commnand ivre to be specified. rinally, the comiputer
(AFI.C) ongineers with the capability to pprfovin configuration necessary to support the protirA'i
Purability ,iiid Damatge Tolerance Assessments ir th , systems management enviraiment wds tit be

n'')A)o airframe structures. An organic o t~tv "'i The plan was to iriditile thle reCoim-
DAC, fk ra~hlity supporting AFIC's Aircraft mended soloto'' :oinl l'ient.ity all options

1*- ~ will allow tHe USA! to increase inivestigated.
sifet)manpower %avinqg. tthrough Comi-

puterize1 ddmAgp evaluation, decrease aircraft A three phase program with Incre-j,., -mmulit-
dontime due to structuiral damige, reduce ments during each phase was conceived to m~e(*

contract lead time, reduce contract costs. and the objectives. The capability to Perform 0'~
mlainltain technological pace wil hI developments of the DAOTA procedures was developed durin ,
in the design of sophisticated and complex the first phase. The concept and power of the
weapon systems. This paper is an abstraction tuchnifm; s were applied to actual systems isilr
of the final report woich was submi ttod to AFLC Agemeni. si tuat~ons during the second. pha-.e.
Heid;iat ters JI.b Tmpliflientation of the cerjdith11 y thrioUg'~ful

Air Force Lojistic , Commviand 1% scheduler1 '

proceed in the third phase. This papr
TiHE DAOTA CONCEPT dresses the berviceL te-,t wtiih col..hse',

first two phases.

Ii A DADTA is a sequence of procedures which pro- PHASE ONE

ject operational time to failure of life-
limiting structural components. Decisions to The development, phase initiated In the Servict,
extend aircraft service life may then be based Engineering Division of the Directorate of
on e~runcVTl cons fd(!rdti ofl . rh e DAUiTA process Materiel Management at San Antcnio Air Logistic!,

'~1i!~Stle sequence of loods encountered by Ce nter. The principle objectihes included
0hc aircraft while performning its mission, documentation of requirements. identi fication
Suphsti':mted coriputer programs are usnd to and acquisition of computer h.~~eand soft-

ppythw> loads 'to ilat 0mati Cal models of waire, training of personnel, ,,nd initiatio.
'ht, structurn, dc'ieut tigh stress areas, comn- the T-37 and T-30 analyses.
pute crack growth~ rate as it function of flying
hours, and project the life of the structure. Phase One was organized under a formalized pro.
At eCh step, laborAtory or flight tost data is ject managementcoep S. pcilssro

ued to verify the. anoytical results [2,3,41. several disciplines were brought together in
single location under d designated project

Prior to DAPTA a single production airframe manager. The members of the team concentratetl
was tatigue tested to a preset number of simiu- their efforts on meeting the objectives of thc,
lated flying hours. The service life was then service test. The project manager was dedldcat
comnputed by' applying a statistically derived to the service test and reported to the thir 4

* scatter factor to allow for dlssimilaritlis irn level of managemenit in the Enqiern Ovso
a irframe structure am' perationdl usage. Uponi struc: Lure

* reaching this servi, 1 11 mit the aircraft is
either removed from flight or recertified by The Lngineering iivision provided analyti%,ul

further testin. Information is a key distinc- support to systij and Item awina-es In otherz
tion bewe OATA and the earlier approach, divisions. Tasks were routinely trinvmlttre;
i.fe limitirif structures are specifically ider.- between divisions at the branch level. I.aci'
tified by DADTA and the magnitude of the effort bran~ch was further divided into sertions U)r
necessary to extend the life of the aircraft -nginisering specialty. The sections were U
may be assessed more accurately. dided Into units which were responsible for

support of a epecitir. aircraft system. l.
OA'JTA 'r-ir*' e A"'a * A sectic'I

THF SERVlCF TEST And roat.ino task% w-rr thai from
membors of the team. This *'ti.. . te(
tively isillated the project from c s#.'(1

The o~bjective of the service test was to develop support environmont. lhe sc'viq test tear'i
4 a pl~in to Integrate 4 high technology analytical included theee structurill Cnufr ,s and onv

tool into an organization oriented toward con- frc~"methanics speclalis 1% e fractut,
0-ac ad s upport of engineering analysk-s. The -it' hirins tPotiIiIt w&a% Al~n ttiv
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ii manager. Experts in aerodynamics and computer called upon to present briefings to upper
engineering were part-time members of the team. management and to visitors from outside the
ee mfCenter. These briefings involved a wide range
The members of the team attended several con- of topics related to structural integrity--

tinuing engineering short courses to review from general discussions of the DAOTA concept -A principles of DADTA procedures. A 40-hour to recommended solutions of specific management
short course in finite element structural anal- problems.
ysis was developed and presented to engineers
at San Antonio Air Logistics Center on three During Phase Two a comprehensive master plan
occasions. for implementation of the capability to perform

DADTA was prepared [1]. The key points of
During Phase One an exhaustive trade-off anal- the plan are outlined in the next section.
ysis of proposed design modifications to the
T-38 wing was completed. This effort included
a complete analytical model of the structure. RECOMME4DATIONS
Crack growth studies were performed on a crit-
ical area of the T-38 wing using a maneuver
spectrum for one of the T-38 missions. A ORGANIZATIONAL STRUCTURE
finite element model of the entire T-37 air-
frame was constructed and a preliminary airloads The DADTA group should be within the Engineer-
computer model of the T-37 was developed. ing and Reliability Branch of the Systems

Management Division. The group should be
PHASE TWO placed at a functional level that will permit

support to all aircraft systems. The ideal
The second phase of the service test began situation would be for the group to be coo-
during a major reorganization of the Director- cated with a centralized structural integrity
ate of Materiel Management. The isolated unit. The criticality and technical sophis-
environment of Phase One was abandoned as the tication of DADTA will not permit dispersal of
team became a sub unit of the Aircraft Struc- the DADTA group. Such dispersal would elimi-
tural Integrity Unit in the Systems Management nate qualified technical review of projects,
Division. The sub unit was given responsibility since supervisors who have responsibility over
for the structural integrity programs of the several engineers with diverse specialities
T-38 and was directed to assist in supporting cannot be an expert in every specialty.the structural integrity programs of all other

aircraft managed by the division. Team members The DADTA resources will be available to all
were also tasked to use their expertise to engineers at each Air Logistics Center (ALC).
support accident investigations, repair anal- The DADTA team at each ALC will function
yses, and field problems. This visibility led independent of teams at the other ALCs. The
to an increased awareness of the power of DADTA activities of each ALC DADTA team will be
by management and by other eng!neers assigned monitored by the Headquarter4 AFLC Aircraft
to the division. As understanding of OADTA Structural Integrity Program office to ensure
increased, the priorities of the service test that ALC DADTA program objectives are being
personnel were extensively realigned by manage- met.
ment. Their expertise was applied to a wide
variety of operational problems and the organic PERSONNEL
DADTA of the T-37 was delayed.

The initial DADTA unit at each ALC will have

The DADTA Sub Unit continued the joint DADTA two lead engineers. One will be a structural
of the T-38 with the contractor. Preliminary engineer with a finite element capability and
results of this effort resulted in significant the other will be a fracture mechanics spe-

modifications in the management of the T-38. cialist. These engineers will receive training
Several recommended changes to the wing design and will oversee the implementation of the
were incorporated in spares purchases. A computer hardware and software systems. Once
desigi. Aefect was found to be more severe than the capability is In place, the DADTA engineers
anticipated when quantitatively evaluated and will begin the education process of all system
required that appropriate action be taken to engineers associated with structures or struc-
ensure safety. tural integrity. One year after initiation,

the lead engineers will be supplemented with
The group interacted with Non-Destructive project engineers as required. The lead engi-
Inspection perscnnel in developing and imple- neers will continue to act as consultants and
menting inspections of critical structures. educators while the project engineers will
The DADTA personnel frequently acted as consult- provide routine support of DADTA requirements.

ants in meetings between contractors and engi- All projects performed by the DADTA project
neers at San Antonio Air Logistics Center. In engineers must be checked for technical accuracy
this capacity thf. )ADTA group became involved by the lead engineer.
in engine and item management programs. Final'y,
the DADTA Sub Unit personnel were frequently
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COMPUTER SOFTWARE impact, feasibility, and implementation will
be provided by first level managenent.

AlI computer programs used by DADTA are rou- Approval will be granted at whatever manage-
tinely available. Several finite element ment level is necessary for implementation of
structural analysis programs are currently in the project recommendations.
us,,. NASTRAN, COSMIC Version, is recomlepded
for AFLC use because oc organic Air Force
support. The progranws SPECA, RPCM, and RSG CONCLUSION
are recommended for use in spectrum development.
CRACKS IV is recommended for crack growth
studies. The University of Arizona GIFTS inter- Organic DADTA is a viable concept if management
active graphics package is recommended to facil- is willing to support the requirements of this
,tate construction and evaluation of finite hlah technology analytical tool. An effective

,nt models. Several other pre and post DADTA prcgr,.- must have experienced personnal
r'Jc(;i prouirams are also discussed in dedicated to OAOTA, a training program, computer

resources, and a library of tPchnical reference
material. Incorporation of DADIT, within AFLC

COIPUTER HARDWARE will require careful evaluation ot czata ackag-s
acquired with future aircraft systems. The

The computer support required for DADTA includes combination of organic DADTA capability and
a large main frame computer with sufficient coordinated acquisition of data will signifi-
capacity to run HASTRAN, a remote site with a cantly enhance the capability of the Air rorce
rini computer and remote interactive graphics iogisti¢c Comaand to respond to the needs nf
!,.ability, and a 4800 baud comunication line the user comnands.

,.onrecting the remote to the central computer.
The main frame computer must be located at each
ALIC so that orioritization of systems require- REFERENCES
,',ints may be maintained by the Commander of

.- Yrter. A central computer serving all
tenters would result in prin.rit~es being set at [11 Marton, G., Anstine, H., Wilson, Bi., Ma.ter
AFLC level and would pen !ize efficient users Plan for AFLC Incorporation of Damage Tole.'c anc
durinq periods of increased requirements. Ana.lysis-apabiit SA-ALC/MMSRE, Kelly Avn-7

[2) MIL-STD-1530 (USAF), Aircraft Structural

-h-ee courses must be administered at each ALC. Integrity Program, Airplane-_ements.
Th OAOTA unit will have responsibility for T'g . - -
:nstructing courses in DADTA concepts, Finite
1:1emet Str,ctural Analysis, and Fracture [3] MIL-A-83444 (USAF), Airplane Damage Toler-
l-slhaidics. All of these courses have been ance Requirements. (1974T.7"
prepared at SA-ALC and will be distributed to
the ather ALCs. Several industries and uni- (4] MIL-A-8866B, Airplane Durability Design
4tersities offer short courses in )ADTA concepts Requirements. (1975T.
and Finite Flement Structural Analysis. It is
,iiqniy recommended that at least one person (5] Brr.4n, A4., Project Managnent: A Solution
fro- each DADIA unit attend both of these to Dyanmic Organizationa nvrom ts.
formal courses annual ly. The first level man- npishe pa-permay b-eoaifne om Mr
ager above the DADIA lead engineers should Brown at SA-ALC/MVSRE, Kelly AFB, Texas 78"a1,
also attend a fomal course in OADTA concepts (1976).
to gain a greater persp" live on DADTA
potential. Relerence . recommends specific
courses and their lo. at .ns.

DADTA QUALITY CONTROL

Safety of flight is directly involved in OADTA
projects. Reaair of damaged critical airframe
structure requires controls to guard against
the possibility of a faulty analysis. Most
repair analyses within AFLC are performed by

contract. Implementing the technzology and
capability to perform, PADTA of aircraft struc- -i
turcs organically calls for adherence to stand-
ard p, ,ject engIneeriqg quality control

rece, ires. A lead enqincer will check th-
teini al a((uricy of the analysis perforated -
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NFw INITTATIVrS IN SPIrIrICATIONS

Joseph L. Wotfimart e'n, Deputy for Lrginaitutr Inij, Aeroiautlct'al %.yttm lvi lur'

The Aeronautical System Division has un- Within the Executive Branch. the Office
dertaken a new program to upgrade its methods of Management and Budget issued Circular No.
of writing and using specifications and stan- A-109 to provide policy to all executive
dards in the Research and Development en- agencies. Circular A-109 basically requires

vironment. that a request for funds should be based on a
mission need rather than a specific hardware

This effort represents an evolution of item.
the specifications and standards of today to
meet our needs in a very fast changing tech- Figure 1 illustrates the difference be-
nical society. tween the current system and the A-109

(mission) approach. Figure 2 shows a flow
Background chart of how the mission approach would con-

ty. oda's seciicatonsare riten t utiztin on atd dheveliouen ofD mitryjc spi
Our specifications of today are, in them- tinue down to the various R6D projects.

selves, not bad documents as many have In January 1976. the Aeronautical Systems
claimed but rather are misapplied. In reali- Division started an effort to review its own

- ty. today's specifications are written to utilization and development of military speci-

procure a specific item. Over the years,
this philosophy of the detail specification ________TAi__

had spread into Research and Development pro- U-WUaaMrT.o"u ,Wwee, o"4,APC
curements. This has been recognized by - " , _
various groups as a major contributor to the,,,, in.. ...

high cost.of military systems. T I
The problems associated with these docu- I "00"~~~ments were th~e application of them. A " "

Defense Science Board Task Force reviewing ,.,,,,,,. 1. " '' '',
this area initial findings were reported by

Deputy Secretary Clements to the Military ,, . ...,AtA ,...,t,
Department Secretaries: "The Task Force has W. W..A.cftt

= concluded the content of specifications and ,
standards is nut the primary co.ntriburor to
unnecessary contract costs although there is,.......
a continuing need for evolutiznary improve- "... "t . ." '

ment. Th2 main cause of cost escalation was
identified to be in th2 application, inter-
pretation, demonstration of compliance and
enforcement of specifications and standards Figure I
in RFPs (sic: Request for Proposals) and con-
tracts. This, therefore, is a fertile area
for effective cost reductions in the acquisi-
tion process." Deputy Secretary Clements
directed the Department Secretaries to "In-
stitute Procedures and Policies to control
blanket contractual imposition of such speci-
fications and standards. These controls
should be structured to force technical acti-
vities to tailor requirements to the essential
specific operational needs of the end item or
system." (Underlines added) The overall
theme is to force tailoring and state require-
ments in terms of operational needs.

The Task Force recommended two steps in
its April 1977 final report; an evolutionary
program to improve existing specifications,
and an immediate program throughout the ser-
vices and industry to improve the climate of
applying the specifications.

During this same time period, another ex- ... , .'" c[

imnation was taking place viewing the ,erall.

b u d g e t a n d p r o c u r e m e n t c y c l e . T h i s r e s u l t e d L ..................................

in reforms established by the Congressional
Budget Act of 1974 (Public Law 93-344) which
becomes effective with the F 1979 budget. Figure 2
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with the back-up rationale in the handbook. This is a product specification stating detail

design requirements for procurement of a pro-
In developing this concept, it was found duct in terms of specific design needs, basi-

that in some cases requirements within speci- cally what today is a military specification.
fications could not be logically verified. In It may even be possible that from one Type I
prime documents, any requirement must be veri- specification a series of Type Is would e-
fied by a corresponding verification, whether volve, such as for new components that were
it be a test, analysis, or inspection, developed as part of this effort. Today, too

often we directly write the military specif-
Two other typeal problems are trying to cation (Type II). This is almost like havingfind the right person to ask a question on a the anlswer before the question is asked. -.

specification; and second, finding the indi-
'idual accountable for these documents. In This is not really new but is an adoption
the present system, they are "anonymous". A of a technique that has been very successfully
new facet will be the inclusion of name, used in development/reprocurement of component
address, and phone number of the individual items, Puch as nircocircuits and switches
responsible for the document, keeping it up within today's specification system. Forto date, in a manner similar Lo 'he crew chief some component series, a general design speci-
who has his name painted on the side of an fication exists and in a manner they contain 1aircraft. blanks. The blanks are stated by the term

"as specified". A development document isWile we have described the specifications, provided by the procuring agency which states
standards follow the same basic format; the the "as specifieda". After development, a
difference being chat the "standard values" final detail specification is issued for re-
appear in the document and that we are not procurement. The primary specification is
procuring an item of hardware. In writing similar to the general design document and tie
the primary specifi.ation, we envision only Type ZI is the same as the detail specifica-
the standards as being referenced. tion. One improvement is the Type I specifi-

In practice (sic: Fig 3) the primary cation, which now wauld provide a standard

specification is a guide that the project bridge from the start to the final document

engineer must now tailor. He must examine missing in today's procurement method.

the blanks, fill in the applicable operational
needs based on user input, provide interface At firer, this appears to increase the
requirements, and tailor the teat section to number of specifications and it may if we
the mission needs. This document has been were to view the military specification sys-
designated a Type I specification, and it is tem only. In reality, there are additional
a development specification stating the per- specification systems within the Department
formance requirement for design or engineer- of Defense. In many cases today, rather than
ing development in terms of the operational use a specification, an exhibit of HIL-STD-
needs. The Type I specification becomes part 490 specification is prepared. A major pro-
of the Request for Proposal. The government blem exists in the 490 system. In many cases,

evaluates the contractors' proposals against the hardware documentation r:Lat is developed
this docment and issues a contract. The item is not available to outside activities; "

is then developed and after it has been found as a result, standardization efforts take a
acceptable, either the contractor or govern- second seat.

ment would prepare a Type II specification.
With the development of a prime docur-ant

DO .:1f;, ' FOTIG:I in each technical area, exhibits or HIL-STD-
490 documents will no longer be required.
Figure 4 shows the relationship of the cur-

*_.,,,__ rent specification systems to the prime syb-S . -tem. This will result in using one baseline;
the prime specifications rather titan the

u I- ' ,.. various documentation systems in use today.

' e "':t One thing this program accomplishes is to~raise the level of the spec~tfication to a
""T" rieteleofhescfcthigher level in the procurem.-nt tree. We havebeen too concerned with nuts and bolts and

izi IPSCa.,,.T individual items such ac ,.rticular radios
(iSi,,ii,8.,,,,,C3 o,,and radar units. The Primary Concept allows

us to move up to entire functional, reas
such as an aircraft structure, offensive

Figure 3 avionics, or even to categories such as auto-
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fi, atlons and 4tandards. At the time, there will consist of three types of primary docu-
was, %to attempt to marry the specification ment; specifications, standards, and lkandb~o _Isyitei; and A-109 budget syst m. What has The primary specification (Mu-Prime) are
evolved, hiowtever, is a systems approach to aimed at specifying, operational needs and
sp,.cifications in the R&D cycle that fits the general parameters for a physical produict
o;iectives o( A-l09 and meets the long range farrily with thle specific values left blank.
recomamendation of tile Defense Science Soard. The primary standare (flIl-Prine-Std) provide'
While the A-109 looks townrds mission the criteria and qualitIUs dpplicsble to a
appioach, these specifications view mission physical product but is not used to procure
needs and at thle same time have evolved into a-ty actual product, and in many cases if. very
a1 new document that forces ta!loring. it is cimilar to our standards of today. The pri-
interesting to note in the experimental usage nary handbook (Mil-Prime-liandbook) contains

hsnew system the tailoring philosophy techiacal rationale for the requirements
lv-s ::arrited over frow. specifications into stated In each p~rimary specification and stan-
"her itei -It~ as data Items and management dard, provides guiuance for Applying the spe.:,i-
plans. fications and standards, and is a .lepository

for less&ons learned i- each tech.-.al irea.
The N.ew Stecifications We wouldt not develop a primary document for

each Individual product or service; this
Are they new? No'. But rather taking the would just duplicate the 44,000 military

best parts of a variety of specification sys- specifications and standards in today's sys-
tems from both government and industry and temn. instead, a broad family grouping will
,)',tting then into a logical, single structure. be estalilshed. These Mul-Prime product

families wIll. cover such areas as airborne
lin developiing new weapon systems, our raios, fasteners, parachutes, landing PP31-,

military services are facing sharply rising or tIhe entire aircraft structure.
cost' from two directions. The first is due
tO Lte highly sophisticaited equipment required The prime standaids basically encomp"s
onl the oodern bhattlefield and the maintenance the "ilities" (reliability, maintainability,
of Jthat equipment. The second cost driver is crc) ats well as "standard test method-;" c.,

use our specification in a world of advancing plain where a requirement tame from and why

technology, we require it for 1,oth the specificationo. and

Ulu live in a rapidly changing, environment. sadrs
ano we need documentation that is daptable These "MI.-Prime" document .,with the
to change. taur current specification systems operational values blank, will fer... tailorfiv.
is no,.t adaptable to rapid change. (onse- They also provide a depository for "corpor..
qoentlv, it has come tinder repetitive attack nemory" and will allow otherzi to questior o
AS A majot cost driver. However, every group requirements based on fa;ct:;. No longer can
invest igating the system liar generally come anyone say "you must do it this may becau,;c
to the came conclusion. It is; a required thle specification says so", and so thle argu-

system, but fit-t tunin~g and slow 'mrrovements nont ends. Now the argument must rorate
wii. not meet our jUture needs. about thle rittionale contained in the hand-

!'ook.-4. logical point of dep~arture. As itew
In various aircraft prototypIog programs, lessons arc learned and technology changes,

ASD ha s found giving contractor'; maximum thle handbooks will be updated.
flexibility and minimum supervirion has
resulted In technica* successes. We Lmst As the specification is used, the blanks
programs. To acc'st; Ia this, we have devel- 'iidhook Assist,; in this filling-in pror
oped a new series 'Cdocuments called the by 'howing .,ow a 'tlt in thle blanks atne,
Primary Specification, Standlard, and liandbook, most imporrantO', the' rat!- 'al for the

The Primary Concepteqrmnt

of course, these documents are not lostL
Thi11 C-oncept I.s Aimed at- new t~pea of I'tanks. A closer lool, at the primary sp 'ci-~,* f' . '~~~~ i'I'Arh. 4 I-" U,111' .m p'uld .. noro!Y blAnk opor.At I

%.Ui.; ;v a go~ are tten, WV t he v(' ,ed. 't t" s%1M9,l s,. A View-ton on tntelI-
tiOAqt .1114 tot 1.40 govetrtmexnt to Ptovtda ta~e w.. be r' rovt 1,". The project entlot-cr
yptIde,;ce ens! *Jt t h* fraerwvrk to build bp'ad- would rJ pit.,e e. it,,*" ,e quire-mer,IflI 't ii r r pt 'i 1( dovalopmacu t ,a mll. so an'itk lU a dize tul it bay, *, ' ..
toi Lte 0' t.,aI 'rtiuzvmornt cycle. Th, oblec,- numbor, I-vent, *vRilable pouer ao' tl .~-

1% is of tt;esn tev doeuments arn to. "fos- -a setallev "n gco"erum,'nt f',rni,,hed equl.,mcn..4
tit l,,ring" aa,I naatI (" operations!l Ole',.,.! rerlun -a communit%, we h ss*an~:
.%( -fm .'s 'i''. ISupt4'e other foiceta of tI,v. vilim. . -ti a .i1ftt factort5 fAlit"e wwi.l
'5'U, t s * % t, upa I .- piolitli*. t 1,, siVitae' . -A~llU0!,,t With!',i tile Jocr,-- l" i. , .
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any one class. When we combine this new nur-
"i PERSPEITN bering system with all types of specifeicatious

in one system, we also move forward in achiev-
Cur., ,U1,* Ing another important goal - standardization.

,.,,, . .. Iss This is accomplished by putting at the de-
"' j-. .signers' fingertips what is available in a

logical order not only what is in the current
"-'-- system, but also the MIL-STD-490 specification

S' ,- 1that today would have been left out. For ex-! ..... '--- I mple. let us assume we want to use a blind

Srivet on an aircraft. The primary area would
Ibe fasteners, and we would have additional

-- c n -- ' .. for bolts, nuts, screws, rivets, etc.
711,1 . .. -1 - The end number le shown in Figure 5.

... On the whole, the number of dev-looment

Figt.re 4 specifications will decrease and the number of
detail specification will remain the san*.

matic test equipment and simulators. Within But we wlll know where things ace, and what
the Department of Defense, this method has his been developed with DOD. This In itself
been very successfully utilized at the cot- will be a vast improvement.
po:nent level. For higher order procurements,
this same concept can be used. These are the :n vewng standardiza toion we iust rome-
area- the Air Force program is attacking. ber that the amount of standardization in a

, may even be possible to mnagement decision. The specification and
view vhole systems such as the air vehicle standards only serve as a catalog of what is

available. Utilization of the new numbering
s:stem will improve standardization by pro-

7'n s new concept also offers the Depart- viding a better piture of what is available.

meat of Defense with an opportunity to develop
a new numbering system for specifications. At this point, we have discussed the Pr'-

Tis based on allocation of um- mary Concept and what it does accomplish. Thest aed nan octin e ft n movement to operational needs will allow dif-bern to branches and assignment thereafter in rentanrtestobddfee oltn.

nuTerical order. 7his does not facilitate ferent contractors to bid differe-kt solutions
to a particular problem rather than aolvingprovide % convenient method the mechanics of "ingle solution %s described

I-) trace known products to avoid duplication, in so rany of today's specifications The end
iary sueearo.f.ch has been that ench result will be a better product wore respon-

r y , oarea be assged num- sve to the user's needs. It wtil encourage

be1. The handbook would have the wame nulder. innovative design and, at the same time, re-T.e Type 1 and Type I specfecatons would duce gold plating, because so many of thebe issued on additional number to the basic "cover your " (fill in the blank) docu-pri-m e number such as a dash number. In
reas where the priar docmeats will no longer be thrown on the stack

are.- aerheplogv , dditional coding may be of specifications. Another point in this
neces-sary. T1e end objective in to provide area is the forced tailoring which will con-
n succertng yste chat would ai low easy tribute very strongly to meeting these object-s xamnarton of all productl already available Ives. The concept of broad primary dcuz--ents

sxmnro rdcsarayaalbe will have an effe-'t of reducing tiering or
within DOD that have been developed within

,AT PMEU - 2068 AI:c~ - XJivT g
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references from one document to another. This specifications being prepared. These include
will contribute cost savings in the long term electronic countermeasures equipment, landing
as well as a reduction in paper work. It gear, parachutes, and airframe structures.
also removes problems where one referenced Some of these documents are going to take al-
document conflicts with another referenced most two years to develop. This is not an
document, easy task. When the program will be finished

in 1981-82 time frame, ASD will have less than
One document that has lingered in the 100 documents. The Department of Defense (DOD)

background of this discussion is the handbook. is viewing this effot. :o determine if it can
Not much has been said other than it will pro- be applied to all DOD agencies. Success at
vide the rationale and instructions for the ASD may result in change throughout the entire
specifications and standards. If we examine military establishment.
this new document carefully, we can find that
it is cne of the most important aspects of While these new documents are being pre-
this program. Today, we do not have a true pared, the overall philosophy is being used in
depository in each technical area to retain development of current system specifications.
our lessons learned. These handbooks would The F-16 and YC-I4/YC-15 aircraft are using
fulfill this need. In viewing the rationale this concept in their procurement. Further,
behind requirements and criteria, these may many individual equipment items will be pro-
change when conditions or state-of-the-art cured in this manner. Initial findings in
progresses. Today, changes to criteria can use of this concept to the CX-i program (YC-14/
be very difficult to effect when you do not YC-15) show significant improvements in its
know why a factor was established 30 years use. In the case of this program, both con-
ago. It will also open up our rationale to tractors have found savings in being able to
the public for our requirements, adding an respond to an operational need. For example,
important check and balance that is missing the RFP does not have a fastener specification,
today. It will allow us to apply the lessons but rather views the aircraft mission. Both
learned from one weapon system to another contractors have approached the fastener de-
since we are using the "same specification". sign from a different standpoint; and in both
Only the blanks change and give us the same cases, the cost savings were in the range of
baseline for different programs. the cost of one aircraft in this program.

!fow does the government engineer fit in? Both contractors have indicated that the
First, for each primary document, there will procurement and specification methods used in
be known focal points. We project him to be this program have saved $50-75 million (actual
a busy man maintaining the handbook for his data not releasable as program ia still under
specification or standard. In the real world, source selection).
we foresee very little change to the specifi-
cation or standard; but constant change to the Summary
handbook. The engineer with the procurement
team will be required to fill in the blanks Over the past years, the Department of
and prepare the Type I specification. This is Defense has tried many different procurement
a prelude to an extremely hard task, that of techniques. It seems that many of these
source selection. Determining if a proposed techniques have not resolved our procurement
solution can be accomplished ae stated and its problems. A major contributor to these pro-
potential for success will not be a simple task blema has been the application of specifica-
and will require the highest degree of pro- tions. The specifications have been a common
fessionalism on the part of the government denominator over the years and possibly these
engineer. After selection and development, documents have been the problem.
the operational test program will ptovide the
engineer with another challenge. The Mul-Prime program in combination with

A-109 offers an opportunity to provide a mean-
How does this affect the contractor? He ingful procurement system. We have also found

now has latitude to truly design a solution the tailoring philosophy of the Mil-Prime con-
within his area of expertise. But on the cepts has flowed to data items and management
other side of the coin, he must now take a plans in their use on a particular program.
total systems approach. The handbook gives
him a baseline to depart from. In meeting the The Mil-Prime Program is new, and ASD's
needs of the Air Force, his responsibility testing of the new system will result in fine
has vastly increased, tuning over the next few years. Results so

far indicate this is a viable approach to
Is this concept a dream? No! The Aero- vastly improve our procurement of new systems.

nautical Systems Division's (ASD) Deputy for
Engineering, under the direction of the Air
Force Systems Comand and Headquarters, United
States Air Force, is already moving into this
program with an impressive set of primary
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- II

COMPUTER-ENHANCED LAW-ORIENTED RESEARCH

Lieutenant Colonel Michael E. Murphy, Federal Legal Information Through Electronics

INTRODUCTION Armed Services Procurement Regulation
U. S. Court of Claims Reports
Court-Martial Reports

Federal Legal Information Through Electronics Manual for Courts-Martial
(FLITE) is a service organization. It har- International Agreements of Special
nesses computer technology to assist in law- Interest to DOD (published and
oriented research. Its services are available unpublished)
to the entire federal government. Its charter
appears in Department of Defense (DOD) The following data bases are scheduled for
Directive 5160.64, Federal Legal Information addition in 1978:
Through Electronics (FLITE), dated 9 October
1974. Public Laws and Reorganization Plans

appearing in U. S. Statutes at Large
Opinions of the U. S. Attorney General

ORGANIZATION AND MISSION Bevans (international agreements) Series
U. S. Treaties Series

Federal Reporter 1st Series
The DOD General Counsel provides policy Legislative Histories and Executive
guidance for the administration and management Orders appearing in U. S. Code
of FLITE. The Department of the Air Force Congressional and Administrative News
serves as executive agency for DOD. The Opinions of The Judge Advocates General
Secretary of the Air Force has delegated to of the Armed Forces
The Judge Advocate General, United States Air Decisions and Reports on Rulings of the
Force, rte duty to operate FLITE. FLITE is Assistant Secretary of Labor for
operated in the Gilchrist Building at Lowry Air Labor-Management Relations, Pursuant to
Force Base, Denver, Colorado, as a detached Executive Order 11491
Executive Services component of The Judge Decisions and Interpretations of the
Advocate General's Office. It is headed by Federal Labor Council
the Chief of FLITE and has three major Rulings on Requests for Review of the
functional areas: Administration and Resource Assistant Secretary of Labor for
Management, Electronic Data Processing, and Labor-Management Relations, Pursuant
User Services. to Executive Order 11491, as Amended

U. S. Tax Court Reports
The FLITE mission is to: Board of Tax Appeals Decisions

create and maintain data bases consisting
of legal information for use in law and PUBLICATIONS
related fields;

provide computer search services for all
established data bases; FLITE has published a pamphlet, FLITE: Jegal

produce special computer products; Research For You, and each quarter publishes
provide advisory service to federal, the FLITE Newsletter, Air Force Recurring

state, and local government agencies on Publication 110-3.
computerized legal information research.

INFORMATION SERVICESy
HOLDINGS

FLITE User Services attorney-advisors have
FLITE maintains the following computerized, access to the FLITE data bank and to the
full-text data bases: Justice Retrieval and Inquiry System (JURIS)

data bank. These attorney-advisors provide
U. S. Constitution computer search information based on user
U. S. Code requests. Authorized users include all
U. S. Code of Federal Regulations entities of the federal government. Search
U. S. Reports services are provided without fee to thr
U. S. Supreme Court Reporter Office of the Secretary of Defense and all
Federal Reporter 2nd Series DOD components (including the U. S. Coast
Federal Supplement Guard), the Executive Office of the President
Decisions of the U. S. Comptroller of the United States (including the Library of

General (published and unpublished) Congress), and the U. S. Supreme Court. All
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I other authorized users are charged $50.00 per
data bass searched.

Special computer products include cross-

reference digests, citators, key-word-in-
context (KvrIC) indexes, etc.

Advisory services are provided to federal,
state, and local government agencies on

resarc. UER ONTCT

problems related to computerized information

No requirement exists for users to be
~~familiar wi th coml,'iter search strategy.

About 70 percent of search requests are made
[: by attorneys. The remainder come from

professionals in allied fields, such aa
' procurement/acquisition; fiscal administration,

transportation, and personnel. Contact Is

electrical message, interview, or letter.

Discussion between the user and a ELITE User
Services attorney-advisor before a search ig
made is recommended.

The ELITE key staff consists of:

: CHIEF OF ELITE Telephone Extension

|MURPHY, Lt Colonel Michael E., Chief, ELITE 7531

MC CLELLAN, Mrs Edith I., Secretary 7531

~ADMINISTRATION AND RESOURCE M/kNAGEMENT

RUSSELL, Hr Robert S., Jr., Chief 7535

CRABTREE, Ms Jennie R. 7535

ELECTRONIC DATA PROCESSING

HIOWERTON, Mr Charles P., Chief 7535
VOELKEL, Mr Edward, Lead Computer Programmer 7535
FASTER, Mrs Vivian .J., Supervisory Computer Technician 7535

USER SERVICES

BERTHELSEN, Mr Alvin L., Chief 7531

jDUCKVORTHI, Mr Edward 7531
BIBBY, Mr Ronald J. 7531

LUNDWALL, Mr Robert b. 7531
UNTERSPAN, Mr James 11. 7531
SKINNER, Hr James T. 7531

The telephone accesses to EL.ITE are: COMMERCIAL (303) 320-ext.
AUTOVON 926-eat.
FTS 326-ext.

The electrical msessage address for EL.ITE is: ELITE LoUTRY AFB CO

The mftilinS addre for FI.ITZ to: ELITE "
Denver CO 80279#
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Although the library is now working on in- As an additional resource for its users, the
creasing the book portion of the collection, FAI library is considering organizing and
volume-wise books will always be a minor part maintaining a repcsitory for education and
of its holdtngs. Traditional, hard-bound lvaa1ing matr'ilit in Fuderal acquinit in and
books on contracting and related subjects art, asshIPLtaucO (1). Such a roll0ction woumld hM
relatively scarce; however, this is not the coMpoad of textbnoks, instructore' guides,
case for the additional subjects now being curricula plans, and audio-visual aidu from
incorporated in the collection. Due to the both public and private institutions. Since
short shelf life of information in this field, these sources often include narrow subjects
the growth in the library's holdings will be not covered elsewhere and emphasize the
concentrated in the report literature section. state-of-the-art in those subjects, research-
It is through the reports, theses, conference ers should find it advantageous to have all
and seminar proceedings, and journals that the material grouped together in one location.
most new ideas are presented, criticized, re- Nevertheless, plans for the learning materials
fined and disseminated to colleagues. A repository are still in the developmental
highly specialized collection of this type stage.
requires non-traditional methods for acquiring,
organizing, cataloging, and circulating its
materials. Therefore, the PAI library is FUTURE PLANS
already a non-traditional research center, and
it plans to b'come even more so in the future.

In ail probability, the role of the FAI
Satisfying user neds and requirements is the library in the future will be influenced by"raison d'etre" of any worthwhile library, two rapidly emerging developments -- the
especially one whose chief patrons are en- computet and library networks. Though
gaged in research and management. Although separate and distinct elements, one being
still In the process of determining the full physical and the other conceptual, they are
extent of the informational needs of the on the path to becoming interactive and
Office of Federal Procurement Policy, the FAI mutually beneficial. The ccmputer is an
member agencies, and the rest of the acquisi- information storage and communication device;
tion com munlty, the library's initial effort networking is a management and logistics
to facilitate the transfer of information has principle by which library resources, such
proven quite successful. On a bi-monthly as computers, are shared by many. Coordinat-
basis, the library compiles and issues an in- ing the two developments into computer
house publication entitled Procurement Liters- assisted library networks will be of profound
ture Abstracts, which gives a brief descrip- significance to all researchers.
tion of selected articles appearing in journals
received in the library. Originally developed The computer has three basic applications in
for the use of OFPP and FAI staff members, it the library; bibliographic control, document
is now distributed to over 400 individuals reproduction and distribution, and informa-
throughout the Federal acquisition work force, tion retrieval (5:316). So far most studies
private Industry, law firms, and educational and implementations have been concentrated in
institutions. In its current format, the the first two applications. Operators of a
Abstracts is a modest, relatively informal computer system search titles in a data base
attempt to record the burgeoning amount of and deliver to the requestor one or more of
information being produced in acquisition and the documents selected. Most of these sys-
assistance and hopefully it will serve as the tems are off-line and hre queried by a
springi.3ard for a more extensive future effort trained search strategist, not the requestor.
which -an be captured in machine-readable form. An off-line system must rely on conventional

delivery methods, mostly mail service, to
Proviuing bibliographic services is another relay the search results to the requestor.
user-oriented capability of the library. Upon This delivery system is the weakest link in
request, and with sufficient advance notice, the chain of information transfer. Since
bibliographies are compiled on subjects off-line systems fail to allow interaction
selected by the user. For instance, a bibli- between the requestor and the datn bank, and
ography on pre-World War II procurement and since the response time is not immediate, the
one on government contract disputes were searches are often not properly refined and
furnished to the Congressional Research Service focused to be as productive as po:irible. For
of the Library of Congress, and a bibliography tnese reasons, the relatively recenr develop-
on Federal acquisitions was recently compiled ment of on-line systems marks the moit
for the Subcommittee on Federal Spending important advance in information dssemins-
Practices and Opt.- Government of thE Senate tion in the past decade. The capability of
Comittee on Gover mental Affairs. At the an on-line system for immediate search and
present time, due to limited personnel and display and user/computer interaction make
financial resources, this service is available it the key information retrieval device of
only to government agencies. the future.
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THE FEDERAL ACQUISITION INSTITUTE LIBRARY: TODAY AND TOMORROW*

Helen T. Hertel
Librarian, Federal Acquisition Institute

lutormation dissemination is an integral part ment Procurement. The Commission members,
of acquisition

1 
research and development; corm- realizing the permanent value of the back-

municating what is already known to those who ground papers ard supporting documents which
want to know is essential in helping to reduce they had gathered, arranged for the General
the number of times the wheel is reinvented. Services Administration to maintain the col-
The volume of information and the diversity of lection intact from tile terminatio:n of the

, its sources necessitate the existence of a Commission until the establishment of the
specialized information center to serve the ted..r1 Acquisition Institute. In a,.lition ,o
needs of those working in the Federal acquisi- their recommeudation for the creato. of the
otin and easintance field. One unit must be institute, the Commission strongly acised

responsibl .- ,- 1,'entify1ng, locating, acquir- that tile COGP collection be co..ni+_red the
ing, organizing, storing and d issemina ting& thle nucleus of a central repository in acouisi-
information gleaned from the ephemeral and tion and assistance to support the resei,- .zh
fugitive materials

2 
which abound In this disci- function of the FAI and to serve tile informa-

pline. Most of the information is produced tion oeeds of the entire acquisition communi-
not in book form, but in journals, conference ty (6:52). Under this arrangement, tle
proceedings, research reports, student papers, library -as operated by GSA's Yederal Supply
handbooks, correspondence, and memotanda -- Service i,k Crystal City, Virginia for the
most of which have limited distribution. To period April 1973 to August 1977.
add to the pioblem of identifying and locating
acquisition materials, the standard literature When the Federal Acquisition Institute hecar,
indexing and abstracting services barely operational in September 1977. tile library
scratch the surface in this subject area. It moved to its present location in the FA
is impractical and nearly Impossible for tile offices at 5001 Eisenhower Avenue, Alexandria,
Individual researcher to cope with these Virginia. Now that the library's origins have
problems. Hence, the need Sor the Federal been briefly related, the remainder of this
Acquisition Institute (FAI) Library to func- article will focus oil tle present and future
tion as a specialized information center in role of the FA! Library as a specialized
Federal acquisition and assistance. information center.

CURRENT STATUS
* Opinions expressed herein are the responsi-
bility of tile author and are not to be tat .r-
preted as official FAI policy. The library is a vital and active participant

in FAI'a mission to promote acquisition re-1/ Broadly defined, the terra "acquisiti.,n" en- search and to develop and monitor acquisition
compasses contracting and contract admi.iistra- educatlon, training and career development.
tion, quality and reliability asburarce, syb- in keeping with this function, tile library
temS acqui.iltion and pnogram/budget management, will continue to concentrate its m:,terial
and logistics, gathering efforts in Federal acquisition and

assistance, but will also add.educar'.,n,
- 2/ Ephemeral and fugitive materials are thuse trainin , personnel, and business research

documents issued outside regular publishing and management as supplemenral subjects.
channels and usually kno" only to a relative-y

smill number of people. nbuuna and uncon- At present the ilbrary's uniqn.- collection
tolled, they are unav..ilible forever unless consists of approximately 300 books; 5200
obtained from th source immediately upon reports, theses and procerding,;; 60 journals
release. and looseleaf services; 2) file cabinets of

COGP back-up material; congresslooal hearin,
3/ Originally named the Federal Procurement repirts and bills; and a legal section, in-
Institute, the agency was renamed the Federal cluaing tl'e U.S. Code, U.S. Code Annotated.
Acquisition Institute effective March 1, 1978 rorc of Contract Appeals decisions, Comp-
by a vote of the Policy Board. For uniformity, trolltr General deciitons, tle Code c.
the current nama will be uged throughout this Federal Pegulations, the Armed Services Pro-
article regardless of time frame. curemeft ReEulaton,, Federal I reent

Reguls ions, and various othet ." ; , ' I t
BA KR Dregu

1  
*rions, directives and circulars. J~B ACKGROUNDO"

The id-a for a spuciallacd eollection in. this

fiai'i in bori In tc Cor.aision on Govern-
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Though clearly a desirable method of informa- A large percentage of the acquisition cotimuni-
rion storage and transfer, computer systems ty does not have access to these other
Aire nevertheless quite expensive. In view of &cattered collections. Libraries belonging
ever increasing budget, staff, and space con- to military educational instittncions and to
straints, computer use would aiwrost seem beyond civil agency hcadquartere serve only their
tht: reach of the snaller, specialized librar- own students and/or staff. While some inate-
ieb, educational departments and coime-il riail does pass between military and civil
firms. However, ai solution lies in the concept agencies rhrot.3h Interlibrary loan, this
of resource sharing networks. With libraries procedure is not encouraged. Furtherr.ore,
now being forced to abandon the traditional although almost every civil agency has a pio-
doctrine of complete self-sufficiency and to (urcment activity, only one has a library
place morc emphasis on accos rather than which collects some material in this subject.
possession, maximizing the availability of there is a very significant number of
.iate' jals and services and tninimizing exve,'ses individualu oucside the Federal Government

of the fundamental goals of resource who do not have recourse to the .3ervict'3 of
4iarlus 14 the military or civil agency ll~

Lawyers, state and local purchisl'o' ir'nts,
The information needs of the acquisition/ industry officials, consultants, and in(:e-
-assistance commnunity will be met most satis- pendant researchers concerned with the busi-
factorily if, ever the next several years, all nesG of Federal acquisition and assistance
libraries in this field form a res, -ne shar- need to have ready access to information in
ing network. At present the libraries of the the Are.,. Additionally, many potential users
Defense Systems Management College, the Army are too j,eogvaphirally removed fron these
Logistics Management Center, the School of other libraries to be served by them.
Systems and Logistics at the Air Force Insti-
tute of Technology, and the Naval Postgradutate Obviously, there is a real need for one
School agree, on an informal basis, to share library that can seat the -informational
some resources. Most of thi4 cooperation is requirements of all those concerned with
in the form of assistance in identifying and/ Foderal acquisition and assistance. Users
or locating a publication and short-term require a library which in devoted exclusive-
b'orrowing of materials. Although this ly to monitoring this one subject -rn, which
approach is adequate now, it wilt not be ade- gathers all available informatfbn regardless
quete In the future as the volume of informa- of Its phyTsical nature, And which ir man-
tion proliferates, dated to serve all interested parties. The

FAT library Isi-nivestigating tht possibility
Under the auspices of the Research Directorate, of becoming such a facility. With all of
the Federal Acquisition Institute is planning its energy focused In this effort, it would
to study rhe feasibility of "implementing a benefit the acquiuition community by central-
collecting, catalog;ing, nv' Indexing system izing the sources of irformat~on and it woulo
in terse of Computer linrdware and goftware, benefit other libraries by eliinatIng no
time sharing, terminals. data and documents, of the areas wich their stretched resources
and users to be serviced" (1). It is en- might be required to cover.
visioned that the entire hrldinqs of the FAl
library, as well uts those of other interested This type of resource sharing would t'onst-
lIPraries. will be included in this data bank Lte a star network, whereby "one partici-
ais one nechod of coping with the amount of part holds substantially all the resources
information forthcoming. to be utilized by other participantst" k4-23).

In this Instance, the FAT library would hold.
Recent visits to other libraries having some the nubstantial amount of material available
interest in the Federal tqulsition and in acquisition And assistance, to be acressi- -

assistance fields ine- ate that no other ble to and utilized by all other libraric,
library concentrates ex.-ust-voty In thto ~ nd interested ie'ilvid,;als. Within this
highly specialized subject .lrea. Being pri- framework, the various conslteattons and
mrily book-oriented, they are cnable to cover Approaches that would characterize the sct-
the, subject in depth since, as mentioned work are too numerous to detail At this
earlier, written communication regarding, time, Suffice It to say there is enough
acquisition appears mostly in non-book form, flexibility in the concept to ac.-nMAodae
As moot of these ether libraries are part of Thu Interests of' all participating members.
educational inscitutins, VieIr report liter-
ature ie often limited to the otudier and Of coorso, havirg the FAI library serve as
theses conducted by their ow- etudents. In the lead library in ,, resourc 9 -inp net-
other subject categories they are far stronger work is only one potential ro'- Ider.
than he FAI library; but in Fedawral Acqnfrti- Another pousibility Is the formittion I ar
tion . ad 490listOnC.e the FAT 1ltbrnry beeo r~ re "equally diacrib'iired network" in' wlaich ".all
eubject depth end a greater vnriety in t,;Pes priclp..nt5 nld equal (but differ-nt)
of metirial sought Pnod retain-d. qtuantittes of material to be utili7,c, Oinly
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by participants." (4:28). Although perhaps
more difffcult to administer, this type of
network also has several advantages. Addi-
tional alternatives for the FAI Library's role
in the information gathering process of the

- future are presently being explored. The final
format is not likely to crystallize for quite a

while.

Regardless ot the type of sharing ultimacely
implemented, resource enhancement will be the

unquestionable result. And, particularly if
computer services are one of the shared com-
ponents, this writer's first long-range goal
for the FAI Library becoming truly an
Information dissemination center will be
achieved.

For now, it is a library--though already a
nontraditional one in many aspects. Its
strongest points are these: (1) it has a firm
foundation in the subject field, albeit the
necesasity to acquire some materials missed
during the transition year in 1977; and (2) it
is willing to serve everyone across the entire

spectrum comprising the acquisition community,
regardless of employment affiliation or
geographic location.
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